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Optic neuritis is a term used to refer to inflammation of
the optic nerve. When it is associated with a swollen optic
disc, it is called papillitis or anterior optic neuritis. When
the optic disc appears normal, the term retrobulbar optic
neuritis or retrobulbar neuritis is used. In the absence of
signs of multiple sclerosis (MS) or other systemic disease,
the optic neuritis is referred to as monosymptomatic or idio-
pathic, or as a clinically isolated syndrome. The pathogenesis
of isolated optic neuritis is presumed to be demyelination
of the optic nerve, similar to that seen in MS. It is likely
that most cases of isolated acute optic neuritis are a forme
fruste of MS. Optic neuritis, as a harbinger of a more diffuse
demyelinating process, merits careful attention to an exact
diagnosis and a thorough consideration of treatment para-
digms.

Optic neuritis does not always present as acute loss of
vision. It may develop as insidious progressive or nonpro-
gressive visual dysfunction, and it may even be asymptom-
atic. Patients with asymptomatic optic neuritis have electro-
physiologic evidence of optic nerve dysfunction and may
also have subtle clinical evidence of optic nerve damage if
appropriate clinical studies are performed.

Optic neuritis can be caused by disorders other than MS
and related demyelinating diseases. In addition, two unusual
variants of optic neuritis can occur. Neuroretinitis is a term
used to describe inflammatory involvement of both the intra-
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ocular optic nerve and the peripapillary retina. In addition to
optic disc swelling, eyes with neuroretinitis show extensive
retinal edema, vitreal inflammatory changes, hemorrhages,
and hard exudates (lipid) in the macula in a star-shaped pat-
tern. Optic perineuritis, also called perioptic neuritis, de-
scribes inflammatory involvement of the optic nerve sheath
without inflammation of the nerve itself. Patients with this
condition have optic disc swelling that may be unassociated
with any visual complaints. In such cases, visual acuity is
normal in the affected eye, and there is no visual field defect
except for an enlarged blind spot. The disc swelling thus
may be difficult to differentiate from papilledema, particu-
larly when it is bilateral, without performing neuroimaging
studies and lumbar puncture (discussed later).

Most of this chapter deals with acute demyelinating optic
neuritis, occurring in isolation, in association with MS, or
in association with other demyelinating diseases. The later
sections of the chapter discuss other forms of demyelinating
optic neuritis, optic neuritis caused by processes other than
MS and related disorders, and the variants of optic neuritis:
neuroretinitis and perioptic neuritis. Our knowledge of the
immunopathogenesis and clinical aspects of optic neuritis
has taken huge steps with the information provided by the
Optic Neuritis Treatment Trial (ONTT) and ancillary devel-
opment of the genetic and neuroimmunologic basis of MS.
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IDIOPATHIC AND PRIMARY DEMYELINATING OPTIC NEURITIS

Despite remarkable advances in neuroimaging and elec-
trophysiologic testing, the diagnosis of optic neuritis remains
basically a clinical one. Nettleship (1) first described a syn-
drome characterized by ‘‘failure of sight limited to one eye,
often accompanied by neuralgic pain about the temple and
orbit and by pain in moving the eye; many recover but per-
manent damage and even total blindness may ensue; there
is at first little, sometimes no, ophthalmoscopic change, but
the disc often becomes more or less atrophic in a few
weeks.’’ Nettleship (1) also emphasized the tendency for the
orbital pain to antedate the loss of vision and for the maxi-
mum visual field defect to be central in nature. Subsequently,
Parinaud (2), Uhthoff (3), Buzzard (4), and Gunn (5) de-
scribed similar patients.

Optic neuritis usually is a primary demyelinating process.
It almost always occurs as an isolated phenomenon or in
patients who either have, or will develop, MS. Patients in
whom optic neuritis occurs as an isolated phenomenon have
a higher risk of developing MS at some later date than the
normal population. Optic neuritis is also part of the de-
myelinating syndrome called ‘‘neuromyelitis optica’’ or
‘‘Devic’s disease,’’ and it occasionally occurs in two other
primary demyelinating diseases: myelinoclastic diffuse scle-
rosis (encephalitis periaxialis diffusa, Schilder’s disease) and
encephalitis periaxialis concentrica (concentric sclerosis of
Baló). There are three forms of primary demyelinating optic
neuritis: acute, chronic, and subclinical.

ACUTE IDIOPATHIC DEMYELINATING OPTIC
NEURITIS

Acute demyelinating optic neuritis is by far the most com-
mon type of optic neuritis throughout the world. It is also
the type that is best known and understood. Although the
clinical syndrome of acute optic neuritis has been well recog-
nized for many years, much information about optic neuritis
was obtained from the ONTT (6–26), a multicenter con-
trolled clinical trial funded by the National Eye Institute of
the National Institutes of Health in the United States. This
trial was the first in the field of MS research to look rigor-
ously at a treatment outcome as well as to define metrics
of outcome. The ONTT enrolled 455 patients with acute
unilateral optic neuritis. Although the primary objective of
the trial was to assess the efficacy of corticosteroids in the
treatment of optic neuritis, the trial also provided invaluable
information about the clinical profile of optic neuritis, its
natural history, and its relationship to MS.

Entry criteria in the ONTT included a clinical syndrome
consistent with unilateral optic neuritis (including a relative
afferent pupillary defect and a visual field defect in the af-
fected eye), visual symptoms of 8 days or less, no previous
episodes of optic neuritis in the affected eye, no previous
corticosteroid treatment for optic neuritis or MS, and no
evidence of a systemic disease other than MS as a cause for
the optic neuritis. Patients were randomly assigned to one
of three treatment groups: (a) oral prednisone (1 mg/kg/d)
for 14 days; (b) intravenous methylprednisolone sodium suc-
cinate (250 mg QID for 3 days) followed by oral prednisone

(1 mg/kg/d) for 11 days; or (c) oral placebo for 14 days.
Each regimen was followed by a short oral taper.

Measurement of visual function was made at study entry,
at seven follow-up visits during the first 6 months, yearly
for 4 years, then at 5 and 10 years (as the Longitudinal
Optic Neuritis Study [LONS]). Data collected at the 6-month
follow-up visit served as the primary measure of visual out-
come. Both the rate of visual recovery and long-term visual
outcome were assessed by four measures:

1. Snellen acuity with a retroilluminated Bailey-Lovie chart
at 4 meters

2. Color vision with the Farnsworth-Munsell 100-hue test
3. Contrast sensitivity with the Pelli-Robson chart
4. Perimetry with the Humphrey Field Analyzer (program

30-2) and Goldmann perimeter

A standardized detailed neurologic examination was per-
formed at study entry, after 6 months, after 1 year, yearly for
4 years, and then at 5 and 10 years (in the LONS). Additional
examinations were performed when patients developed new
neurologic symptoms during the first 5 years, and brain mag-
netic resonance imaging (MRI) was obtained on all patients
at 10 years who had initially had a normal brain MRI. Clini-
cally definite multiple sclerosis (CDMS) was diagnosed
when a patient developed new neurologic symptoms attribut-
able to demyelination in one or more regions of the central
nervous system (CNS), other than new optic neuritis in either
eye, occurring at least 4 weeks after the optic neuritis at study
entry and lasting more than 24 hours, with abnormalities
documented on neurologic examination.

Demographics

Much of the following information on demographics,
long-term risk of MS development, and visual outcome in
optic neuritis comes from the ONTT/LONS. The annual in-
cidence of acute optic neuritis has been estimated in popula-
tion-based studies to be 1–5 per 100,000 (27–33). In Olm-
stead County, Minnesota, where the Mayo Clinic is located
and where extensive and accurate studies of the incidence
of various diseases have been performed, the incidence rate
is estimated to be 5.1 per 100,000 person-years and the prev-
alence rate 115 per 100,000 (33).

Most patients with acute optic neuritis are between the
ages of 20 and 50 years, with a mean age of 30–35 years.
Females are affected more commonly than males. In the
ONTT, 77% of the patients were female, 85% were Cauca-
sian, and the mean age was 32 � 7 years. Nevertheless,
optic neuritis can occur at any age. It is well described in
children in the first and second decades of life (34–38), and
it can occur in adults in the sixth and seventh decades (39).

Symptoms

The two major symptoms in patients with acute optic neu-
ritis are loss of central vision and pain in and around the
affected eye. Other symptoms are much less common.



OPTIC NEURITIS 295

Loss of Central Vision

Loss of central visual acuity is the major symptom in most
cases of acute optic neuritis, being reported by over 90% of
patients (7). Loss of vision is usually abrupt, occurring over
several hours to several days. Progression for a longer period
of time can occur but should make the clinician suspicious
of an alternative disorder. The degree of visual loss varies
widely. In some cases visual acuity is minimally reduced;
in others there is complete blindness with no perception of
light. Most patients describe diffuse blurred vision, although
some state that blurring is predominantly central. The visual
loss is monocular in most cases, but in a few patients, partic-
ularly in children, both eyes are simultaneously affected.

Loss of Visual Field

Not all patients with acute optic neuritis complain of loss
of central vision. Some complain of loss of peripheral vision,
usually in a particular area of the visual field, such as the
inferior or superior region, often to one side. Such patients
may deny loss of central acuity and may be found to have
20/20 or better vision in the affected eye (40).

Ocular or Orbital Pain

Pain in or around the eye is present in more than 90% of
patients with acute optic neuritis. It is usually mild, but it
may be extremely severe and may even be more debilitating
to the patient than the loss of vision. It may precede or occur
concurrently with visual loss; usually is exacerbated by eye
movement; and generally lasts no more than a few days
(7,39,41–44). In the ONTT, pain was reported by 92% of
patients, of whom 87% indicated that it was worsened by
eye movement. Rose (45) theorized that the pain is caused
by inflammation or swelling in the optic nerve sheaths that
are innervated by small branches of the trigeminal nerve;
however, Swartz et al. (46) hypothesized that the pain is
initiated by inflammation of the optic nerve in the apex of
the orbit, where the extraocular muscles are firmly attached
to the sheaths of the nerve. In support of this hypothesis,
Lepore (47) reported that among 101 eyes with optic neuritis,
pain was more commonly present with retrobulbar neuritis
than with papillitis; however, in the ONTT, pain was present
in 93% of the 295 eyes with retrobulbar neuritis and in 90%
of the 162 eyes with papillitis. The presence of pain is a
helpful feature to differentiate it from nonarteritic anterior
ischemic optic neuropathy (AION), particularly when it is
severe and when it occurs or worsens during movement of
the eyes. Swartz et al. (46) reported that the incidence of
pain in patients with AION was only 12%, compared with
a frequency of pain of 92% in the patients enrolled in the
ONTT. Gerling et al. (48) reported a similar figure and also
found that pain tended to be described as much more severe
by patients with optic neuritis compared with patients with
AION, and that patients with AION rarely experienced pain
on movement of the eyes.

Positive Visual Phenomena

Patients with optic neuritis may experience positive visual
phenomena, called photopsias, in addition to pain and visual

blurring, both at the onset of their visual symptoms and dur-
ing the course of the disorder. These phenomena are sponta-
neous flashing black squares, flashes of light, or showers of
sparks (39,49,50). These visual phenomena may be precipi-
tated by eye movement (44,50) or certain sounds (51,52).
Positive visual phenomena were reported by 30% of the pa-
tients in the ONTT.

Signs

Examination of a patient with acute optic neuritis reveals
evidence of optic nerve dysfunction. Visual acuity is reduced
in most cases. Contrast sensitivity and color vision are im-
paired in almost all cases. The reduction in contrast sensitiv-
ity often parallels the reduction in visual acuity (53), al-
though in some cases it is much worse (7). The reduction
in color vision is often much worse than would be expected
from the level of visual acuity (54,55). Visual field loss can
vary from mild to severe. A relative afferent pupillary defect
is present and detectable with a swinging flashlight test in
almost all unilateral cases. When such a defect is not present,
either there is a coexisting optic neuropathy in the fellow
eye or the visual loss in the affected eye is not caused by
optic neuritis or any other form of optic neuropathy. Patients
with optic neuritis also can be shown to have a reduced
sensation of brightness in the affected eye simply by asking
them to compare the brightness of a light shined in one eye
and then another or by performing more complex testing
with a flickering light, the frequency of which can be varied
between 50 and 0 Hz (56–58).

Slit-lamp biomicroscopy in eyes with demyelinating optic
neuritis is almost always normal. There may be a few cells
in the vitreous overlying the optic disc, but there is rarely
any significant cellular reaction. In eyes with anterior optic
neuritis (papillitis) from causes other than demyelination,
such as sarcoidosis, tuberculosis, syphilis, or Lyme disease,
a significant vitritis may be present (discussed later). The
optic disc in optic neuritis may appear normal (retrobulbar
neuritis) or swollen (papillitis), and if the patient has experi-
enced a previous clinical or subclinical attack of optic neuri-
tis in the eye, the disc may appear pale. Both the swelling
and the pallor are nonspecific findings in optic neuritis, and
neither is useful in distinguishing demyelinating optic neuri-
tis from the optic neuritis that may accompany other inflam-
matory or infectious diseases.

Visual Acuity

The severity of visual acuity loss varies from a mild reduc-
tion to no light perception. In the ONTT, baseline visual
acuity was � 20/20 in 11%, 20/25 to 20/40 in 25%, 20/50
to 20/190 in 29%, 20/200 to 20/800 in 20%, finger counting
in 4%, hand motion in 6%, light perception in 3%, and no
light perception in 3% (7).

Color Vision

Color vision is almost always abnormal in patients with
optic neuritis and is usually more severely affected than vis-
ual acuity itself. Thus, testing of color vision may be particu-
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larly helpful in diagnosing optic neuritis in patients with
minor visual loss.

Ishihara pseudoisochromatic color plates can detect color
vision defects in eyes with retrobulbar optic neuritis and
normal-appearing optic discs and can detect evidence of
optic nerve dysfunction in the eyes of patients with MS in
whom retrobulbar neuritis is suspected. Another type of
color plates, the Hardy-Rand-Rittler (HRR) pseudoisochro-
matic plates, was first printed in 1954 and was used by
Steinmetz and Kearns (59) at the Mayo Clinic to detect ac-
quired color vision defects in patients with presumed ret-
robulbar optic neuritis. Rosen (60) published the results of
a study of 272 patients with MS tested with HRR plates and
found that 100% of eyes with ophthalmoscopic evidence of
definite optic disc pallor (n � 24) and 46% of eyes with
possible pallor (n � 39) had abnormal color vision when
tested with these plates. Based on these findings, he empha-
sized the usefulness of HRR plates in the early diagnosis of
demyelinating optic neuritis and in the diagnosis of MS it-
self. Some patients with optic neuritis can see none or only
some of the figures with the affected eye but all of the figures
with the fellow eye. Other patients may see all of the figures
correctly with each eye; however, when the patient is asked
to look at a single plate, first with one eye and then with
the other, he or she will note a striking difference in color
and brightness between the two eyes. Although patients may
have congenitally defective color vision, the pattern of color
defects found in patients with congenital color blindness is
much different from that of acquired color defects from optic
neuropathy (60).

A more sensitive test of color vision, the Farnsworth-
Munsell 100-Hue test, has been recommended for detection
of various optic neuropathies, including optic neuritis
(61–63). In the ONTT, Ishihara color plates were abnormal
in the affected eye in 88%, whereas the Farnsworth-Munsell
100-Hue test was abnormal in 94% (7).

Visual Field

Griffith (64) and Gunn (65) considered the central field
to be always affected in patients with optic neuritis, and both
Berliner (66) and Carroll (67) recorded typical central and
paracentral defects in their patients, although Carroll (67)
recorded a few cases with an associated peripheral constric-
tion or with extensions of a central defect to the periphery.
Central or paracentral scotomas, with and without peripheral
extension, represented over 90% of field defects in the cases
reported by Marshall (68), and Hyllested and Moller (69)
found such defects in 98.5% of their cases. Thus, the typical
visual field defect in optic neuritis has always been thought
to be a central scotoma (70). It has subsequently become

�

Figure 6.1. Visual field defects in acute optic neuritis. Fourteen types of localized monocular visual field defects that may
occur in acute optic neuritis, as defined by static perimetry as performed with a Humphrey automated perimeter using a
30-2 program incorporating the full-threshold test strategy, a 31.5-apostilb background, and size III targets for the test and
blind spot checks. The foveal threshold and fluctuation tests were turned on. Central, cecocentral, arcuate, altitudinal, quadrantic,
and even hemianopic defects may develop. VA, visual acuity. (From Keltner JL, Johnson CA, Spurr JO, et al. Baseline visual
field profile of optic neuritis. The experience of the optic neuritis treatment trial. Optic Neuritis Study Group. Arch Ophthalmol
1993;111�231–234.)

clear, however, that virtually any type of field defect can
occur in an eye with optic neuritis, including an arcuate
defect, a cecocentral scotoma, a superior or inferior altitudi-
nal defect, and a temporal or nasal hemianopic defect.
Among 100 patients with optic neuritis, Chamlin (71) found
44 patients with arcuate defects and 4 patients with periph-
eral defects. Perkin and Rose (39) found only 31% of their
patients to have pure central defects alone. Vighetto et al.
(72) reported similar results. Patients with optic neuritis may
also simply have diffuse loss of sensitivity throughout the
visual field. Among 415 patients in the ONTT with baseline
visual acuity of hand motions or better, the predominant
pattern of visual field loss was found to be focal in 52% and
diffuse in 48% (73). Focal nerve fiber bundle type defects
(altitudinal, arcuate, and nasal step) were present more fre-
quently (20%) than pure central or cecocentral defects (8%).
Other types of defects were present in 24% of patients, in-
cluding hemianopic defects in 5% (73) (Fig. 6.1).

Pupillary Reaction

Despite reports to the contrary (74), a relative afferent
pupillary defect is almost always present in patients with
acute optic neuritis, whether anterior or retrobulbar (75–78).
The only exception to this rule is the patient who has suffered
a previous attack of optic neuritis in the fellow eye or who
has subclinical (asymptomatic) optic neuritis in the fellow
eye (discussed later). In such a case, damage to the optic
nerve in the fellow eye may offset the damage from acute
optic neuritis in the affected eye (even when there is asym-
metry of visual function by clinical testing), and there will
be no evidence of a relative afferent pupillary defect. In
cases of apparent acute optic neuritis in which no relative
afferent pupillary defect is detected by a swinging flashlight
test, the use of neutral density filters may uncover such a
defect (see Chapter 15).

Ophthalmoscopic Appearance

In most series, about 20–40% of patients with acute optic
neuritis have some degree of disc swelling (3,39,68,69,74,
79–83). In the ONTT, optic disc swelling was observed in
35% of the patients (7). The optic disc may be slightly or
markedly blurred (Fig. 6.2). At times, the disc swelling is
so severe that it mimics the ‘‘choked disc’’ seen in patients
with papilledema (Fig. 6.3). The degree of disc swelling
does not correlate with the severity of either visual acuity
or visual field loss (39). Disc or peripapillary hemorrhages
are uncommon in eyes with acute optic neuritis, as opposed
to AION, in which they more frequently accompany disc
swelling. In the ONTT, disc or peripapillary hemorrhages
were present in 6% of patients (7).
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Figure 6.2. Anterior optic neuritis. There is significant swelling and hy-
peremia of the disc with dilated surface capillaries.

In some patients with anterior optic neuritis, a few vitreous
cells may be observed, particularly in the vitreous overlying
the optic disc. When the cellular reaction is extensive, etiolo-
gies other than MS should be considered (discussed later).
Similarly, when macular or peripapillary hard exudates ac-
company the disk swelling, other conditions such as neuro-
retinitis should be considered (discussed later). Sheathing of
retinal veins may occur in acute optic neuritis caused by
certain conditions, including MS and sarcoidosis (84,85)
(Fig. 6.4).

Most patients with idiopathic or demyelinating acute optic
neuritis have a normal optic disc in the affected eye, unless
they have had a previous attack of acute optic neuritis or

Figure 6.3. Severe optic disc swelling mimicking papilledema. Note hy-
peremia and elevation of the disc and several peripapillary retinal hemor-
rhages.

Figure 6.4. Anterior optic neuritis with venous sheathing. The patient
was a 45-year-old man with sudden onset of reduced central vision in his
left eye. Visual acuity was 8/200 with a large central scotoma.

have an ongoing chronic optic neuritis. With time, the optic
disc becomes pale, even as the visual acuity and other param-
eters of vision improve (Fig. 6.5). The pallor may be diffuse
or localized to a particular portion of the disc, most often
the temporal region.

Other Tests of Optic Nerve Function

The results of other tests of optic nerve function, including
contrast sensitivity (86), visual evoked potential (VEP), and
other psychophysical tests, are almost always abnormal in
patients with acute optic neuritis. For example, contrast sen-
sitivity was abnormal in the affected eye at baseline in 98%
of patients in the ONTT. Nevertheless, these tests rarely need
be performed for diagnosis if other parameters are carefully
evaluated. On the other hand, Froehlich and Kaufman (87)
found that pattern electroretinography was useful in distin-
guishing anterior optic neuritis from AION. These authors
reported that the amplitude of the N95 peak was abnormally
reduced for every eye affected with AION, whereas it re-
mained normal in eyes with acute anterior optic neuritis.

Visual Function in the Fellow Eye

Numerous studies have reported that asymptomatic visual
dysfunction may be detected in the fellow eyes of a patient
with acute unilateral optic neuritis (86–90). In the ONTT,
abnormalities in the fellow eye were found on measurement
of visual acuity in 13.8%, contrast sensitivity in 15.4%, color
vision in 21.7%, and visual field in 48.0% of patients (7,11).
Most of the fellow eye deficits resolved over several months,
suggesting that such abnormalities may be caused by sub-
clinical acute demyelination in the fellow optic nerve.

Diagnostic, Etiologic, and Prognostic Studies

Studies in patients with presumed acute optic neuritis are
usually performed for one of three reasons:
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Figure 6.5. Optic atrophy after acute, retrobulbar optic neuritis. A, In acute phase, visual acuity in the left eye is 20/300 with
a central scotoma, but the optic disc is normal. B, Three months later, visual acuity has returned to 20/30 but the optic disc
is pale, particularly temporally, and there is mild nerve fiber layer atrophy.

1. To determine whether the cause of the acute optic neurop-
athy is something other than inflammation, particularly
a compressive lesion

2. To determine whether a cause other than demyelination
is responsible for the optic neuritis

3. To determine the visual and subsequent neurologic prog-
nosis of optic neuritis; whether the patient will develop
a more generalized demyelinating process.

Diagnostic Studies

The major concern of the physician who is evaluating a
patient with acute visual loss and evidence of a unilateral
optic neuropathy is whether the optic neuropathy truly is
optic neuritis or is an acute manifestation of compression of
the optic nerve by an intraorbital, intracanalicular, or intra-
cranial mass. To eliminate this possibility, physicians typi-
cally perform neuroimaging studies, both computed tomo-
graphic (CT) scanning and magnetic resonance (MR)
imaging, in such patients. In fact, neither study is probably
warranted in patients with a typical history and findings sug-
gesting optic neuritis.

With the widespread availability of MR imaging, CT
scanning has little or no role in the evaluation of patients
with presumed optic neuritis. Before MR imaging was avail-
able, CT scanning was used to detect causes of optic neurop-
athy other than inflammation, with positive results only oc-
casionally. CT scanning reveals diffuse enlargement of the
optic nerve in some cases of typical optic neuritis (91). The
finding of an enlarged optic nerve by CT scanning in a pa-
tient with symptoms and signs most consistent with optic
neuritis should not deter the physician from making that
diagnosis.

MR imaging is more sensitive than CT scanning in detect-

ing lesions that compress the optic nerve in patients with
presumed optic neuritis; however, the usefulness of MR im-
aging in detecting such lesions in patients with presumed
acute optic neuritis is minimal. Among 455 patients enrolled
in the ONTT with a presumptive diagnosis of acute optic
neuritis, only 2 patients (0.4%) were found to have a com-
pressive lesion that was responsible for the acute visual loss
(7). One patient had an intracranial aneurysm that was not
identified at the time of the initial MR imaging but that
subsequently produced visual loss in the opposite eye. This,
as well as worsening of the patient’s visual acuity in the
initially affected eye, led to a second MR study that identi-
fied the aneurysm (92). In the second patient, a pituitary
adenoma was detected by initial MR imaging; however, it
may be assumed that this lesion would have been diagnosed
within several weeks by neuroimaging had such imaging not
been performed initially, since it is likely that the patient’s
vision would not have improved over several weeks, as
would be expected in a patient with true acute optic neuritis
(discussed previously).

MR imaging can also detect demyelinating lesions of the
optic nerve in patients with optic neuritis. Such lesions are
seen as foci, sometimes quite extensive, of enhancement in
various locations along the nerve (Fig. 6.6). Unfortunately,
the appearance of these lesions is nonspecific, and a similar
appearance can be observed in patients with infectious optic
neuritis and radiation-induced optic neuropathy.

Although it would seem that the use of CT scanning or
MR imaging to detect either a demyelinating optic nerve
lesion or a compressive lesion causing acute visual loss in
a patient whose symptoms suggest optic neuritis is unwar-
ranted from the standpoint of both yield and cost effective-
ness, there are more compelling reasons to obtain neuroim-
aging in this patient population. MR imaging should, as
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Figure 6.6. MR imaging of the optic nerve in acute demyelinating optic neuritis. A, Unenhanced proton density-weighted
axial MR image in a 24-year-old man with right optic neuritis shows diffuse hyperintensity of the right optic nerve. B, T1-
weighted axial MR image after intravenous injection of paramagnetic contrast material in a 25-year-old woman with right optic
neuritis shows marked thickening and enhancement of the orbital portion of the right optic nerve.

noted below, be carried out primarily to look at the potential
for future development of a more widespread demyelinating
process in patients with a typical demyelinating optic neuri-
tis; doing so assists clinicians in deciding on the potential
use of immunomodulatory therapy.

Etiologic Studies

Although systemic and local infectious and inflammatory
disorders can cause acute optic neuritis, the vast majority of
patients with optic neuritis caused by such disorders can
be identified simply by performing a thorough history. In
patients without a history of (or consistent with) syphilis,
sarcoidosis, Lyme disease, systemic lupus erythematosus,
and so forth, the likelihood of such a condition being respon-
sible for optic neuritis is low. In the ONTT, a comprehensive
medical history was obtained from all patients, who then
underwent blood testing for connective tissue disease (anti-
nuclear antibody assay [ANA]) and syphilis (fluorescent
treponemal antibody adsorbent test for syphilis [FTA-
ABS]), and a chest radiograph to evaluate for sarcoidosis or
tuberculosis (7). A lumbar puncture was optional. The key
findings from this testing were as follows:

1. The ANA was positive in a titer less than 1�320 in 13%
and 1�320 or more in 3%. Only one patient developed a
diagnosable connective tissue disease in the first 2 years
of follow-up. Visual and neurologic outcomes were no
different in this subgroup.

2. The FTA-ABS was positive in six patients (1.3%), but
none had active syphilis.

3. The chest radiograph did not reveal evidence of sarcoido-
sis or tuberculosis in any patient (8).

4. Analysis of cerebrospinal fluid (CSF) did not yield any
unsuspected information in the 131 patients in whom it
was performed (93).

We believe that neither serologic nor CSF studies are war-
ranted in a patient with presumed acute optic neuritis, unless
the history or examination suggests that the patient has an
underlying systemic or local infection or inflammation or
the patient’s course does not follow that of typical optic
neuritis (7).

For many years it has been postulated that a virus may
play a role in the pathogenesis of MS. Numerous studies
have also addressed this issue in patients with optic neuritis.
Link et al. (94) found a marked increase in hemolysis-inhib-
iting measles virus antibody titers in the serum of patients
with optic neuritis and oligoclonal immunoglobulin IgG,
whereas Arnason et al. (95) were unable to find any differ-
ence in titers of hemagglutination-inhibiting measles virus
antibody in patients with optic neuritis, compared with a
normal population. Nikoskelainen et al. (74) studied both
types of antibody in 33 patients with isolated optic neuritis
and found elevated titers of both.

Antibodies against viruses other than measles have been
studied in patients with optic neuritis. Nikoskelainen et al.
(74) studied varicella-zoster, mumps, Coxsackie A3 and B5,
polio 3, ECHO 6, cytomegalovirus, parainfluenza 1, Epstein-
Barr virus, influenza A and B viruses, adenovirus, and herpes
simplex antibody levels. No significant difference in viral
titers was found among patients with optic neuritis, a control
population, and a population with other neurologic disorders.
These investigators performed serial estimations of titers in
17 patients over a period of several months and failed to
find any changes in the levels. The role of a virus in the
development of optic neuritis remains uncertain.

MR imaging can identify areas of inflammation within
the optic nerve, thus supporting a diagnosis of optic neuritis
(96–99). The most important application of MR imaging in
patients with optic neuritis, however, is the identification of
signal abnormalities in the white matter of the brain, usually
in the periventricular region, consistent with demyelination.
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Numerous studies have reported the prevalence of such ab-
normalities in patients with clinically isolated optic neuritis.
Two or more lesions on brain MR imaging of patients with
isolated optic neuritis were reported by Miller et al. (96) in
64% of 53 patients less than 50 years old who were scanned
1–40 weeks after onset. Frederiksen et al. (100) reported
abnormal MR imaging in 62% of 50 patients aged 12–53
years scanned after 3–49 days, and Jacobs et al. (101) ob-
served such abnormalities in 40% of 48 patients aged 12–61
years scanned between 3 weeks and 7 years after the onset
of acute visual loss. In the ONTT, only 27% of patients had
two or more signal abnormalities at least 3 mm in size (7,12),
a lower percentage than reported in most other studies. The
presence of multiple lesions on MR imaging in the periven-
tricular or other white matter in the brain of a patient with
presumed acute optic neuritis suggests that not only is the
diagnosis of optic neuritis correct but also that the cause of
the optic neuritis is demyelination.

Prognostic Studies

A substantial percentage of patients with isolated optic
neuritis develop MS within months to years after the onset
of the optic neuritis (discussed later). It would be helpful if
there were certain studies that could be performed in a pa-
tient with isolated optic neuritis, as with any clinically iso-
lated syndrome, that would allow the physician to accurately
predict the chance of the patient developing MS. To this
end, many investigators have performed serologic, CSF, and
neuroimaging studies in an attempt to detect a correlation
between the results of such studies and the eventual develop-
ment of MS in patients with isolated optic neuritis. We will
now explore that relevant information, much of which has
come from the ONTT.

CSF STUDIES

The role of CSF analysis in the evaluation of patients with
monosymptomatic optic neuritis is not clear. Although the
presence of oligoclonal banding in the CSF is associated
with the development of CDMS (102–104), the powerful
predictive value of brain MR imaging for MS has reduced
the role of lumbar puncture in the evaluation of a patient
with optic neuritis. Whether CSF analysis can add to the
predictive ability of brain MR imaging has not been defini-
tively determined; however, results of the ONTT have
helped elucidate this issue (discussed later).

Immunologic abnormalities in the CSF are common in
patients with optic neuritis. Frederiksen et al. (103) reported
that CSF abnormalities were present in 79% of 45 patients
with isolated optic neuritis. A pleocytosis was present in
38%, increased IgG index in 36%, and oligoclonal bands in
69%. Söderström (105) reported that oligoclonal IgG bands
were present in 69% of patients with optic neuritis. Other
studies have reported similar results, with cell counts exceed-
ing 4–5/mm3 in 15–51%, elevated protein concentration in
12–49%, elevated globulin in 18–40%, and oligoclonal
bands in 17–51% (39,94,106–109). Rudick et al. (110) re-
ported that free kappa-light chains in the CSF may be present
in patients with optic neuritis.

In the ONTT, 131 patients underwent a lumbar puncture.
Eighty-three of the patients had no clinical signs of MS at
the time of optic neuritis and underwent the lumbar puncture
within 24 hours of study entry (93). A pleocytosis of more
than six white blood cells was present in 36% of patients;
elevated levels of myelin basic protein (MBP) were present
in 18%; the IgG ratio was increased in 22%; IgG synthesis
was increased in 44%; oligoclonal bands were present in
50%; and kappa-light chains were present in 27%.

The predictive value of CSF oligoclonal banding for the
development of CDMS within 5 years after optic neuritis
was assessed in 76 patients enrolled in the ONTT (93). The
presence of oligoclonal bands was associated with the devel-
opment of CDMS (P � 0.02). However, the results suggest
that CSF analysis is useful in the risk assessment of optic
neuritis patients only when brain MR imaging is normal; it
is not of predictive value when brain MR imaging lesions
are present at the time of optic neuritis.

Of the 131 patients who had CSF testing in the ONTT
cohort, 76 patients without a clinical diagnosis of probable
or definite MS at trial entry who had a lumbar puncture and
nonenhanced brain MR imaging performed within 24 hours
of enrollment were then evaluated at 5 years into the study.
The demographic characteristics of the 76 patients in this
cohort were similar to the remaining ONTT patients: average
age was 33 � 7 years, 80% were female, and 91% were
Caucasian. Oligoclonal band testing was performed at a local
clinic laboratory for 26 of the patients and at a central labora-
tory for 50 (111). Brain MR imaging scans were graded by
a previously published protocol (12). Neurologic examina-
tions were performed at baseline, after 6 months, at 1 year,
and yearly thereafter for 5 years. A demyelinating attack
was defined as a patient-reported episode of symptoms at-
tributable to acute demyelination in one or more regions of
the CNS lasting more than 24 hours and separated from
a previous attack by at least 4 weeks (112). Patients were
diagnosed as having CDMS when a second attack (in addi-
tion to the optic neuritis at the time of study entry) was
confirmed by an examination that detected a new neurologic
abnormality. Recurrent episodes of optic neuritis in either
eye were not considered in the diagnostic criteria for MS.

CDMS developed within 5 years in 22 (29%) of the 76
patients: in 16 (42%) of the 38 patients with oligoclonal
bands present and in 6 (16%) of the 38 patients without
bands (odds ratio [OR] � 3.88; 95% confidence interval
[CI] � 1.18, 13.86; P � 0.02). Among the 54 patients not
classified as having CDMS, 5-year follow-up was complete
for 50 (93%).

The predictive value of CSF oligoclonal band assessment
for the development of CDMS over and above that of brain
MR imaging was apparent only among patients with no brain
MR imaging lesions at study entry. Among the 39 patients
with normal brain MR imaging, CDMS developed in 3 of
11 (27%) patients with oligoclonal bands present but in only
1 of 28 (4%) without oligoclonal bands. In contrast, among
the 37 patients with abnormal brain MR imaging, CDMS
developed in 13 of 27 (48%) with oligoclonal bands and in
5 of 10 (50%) without oligoclonal bands.

Brain MR imaging has been demonstrated to be a strong
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predictor of CDMS among patients with monosymptomatic
optic neuritis. In the ONTT, there was a 51% 5-year inci-
dence of CDMS in patients who had abnormal brain MR
imaging at the time of optic neuritis compared with a 16%
incidence in those with normal brain MR imaging (22).
These results indicated that performing a lumbar puncture
to detect oligoclonal bands is not of added value for predict-
ing the 5-year risk of CDMS in patients who have abnormal
brain MR imaging at the time of development of monosymp-
tomatic optic neuritis. However, the results suggested that
oligoclonal band testing may be helpful in the risk assess-
ment of optic neuritis patients with normal brain MR im-
aging.

That the value of CSF analysis would depend on the brain
MR imaging findings is not surprising. Patients with abnor-
mal brain MR imaging already have morphologic evidence
of disseminated disease, and as such it is expected that most
of these patients will eventually develop additional neuro-
logic events sufficient for a diagnosis of CDMS. Therefore,
there is no reason to expect that a CSF analysis would be
predictive of MS among these patients. The group of patients
with optic neuritis and normal brain MR imaging likely in-
cludes a subset of those destined to have MS and a subset
of those who may have optic neuritis unassociated with MS.
Among these patients, the finding of oligoclonal bands in
the CSF does appear to increase the likelihood that CDMS
ultimately will be diagnosed. Additionally and perhaps more
importantly, the absence of oligoclonal bands in the CSF
makes the development of CDMS within 5 years unlikely.

Although the number of patients whose CSF was studied
in the ONTT was too small for definitive conclusions to be
made with regard to the role of CSF analysis in the evalua-
tion of patients with optic neuritis, the results suggest that
a lumbar puncture has limited value in patients with typical
monosymptomatic optic neuritis who have demyelinative
changes on brain MR imaging. However, CSF analysis may
help predict the development of CDMS when such MR im-
aging changes are not present. With longer follow-up of this
cohort, a more definitive statement on the value of CSF
analysis in the MR-normal patients will be possible.

IMMUNOLOGIC STUDIES

Nyland et al. (109) studied T and B lymphocytes in the
blood and CSF of 10 patients with acute optic neuritis (3 with
anterior optic neuritis and 7 with retrobulbar optic neuritis).
These investigators found that although the percentage of T
lymphocytes in the patients’ blood was significantly de-
creased compared with controls, absolute numbers of T lym-
phocytes, and both relative and absolute B-lymphocyte con-
centrations, were not significantly different from controls.
However, the percentage of T lymphocytes in the CSF of
the 10 patients was significantly elevated compared with
control subjects.

Frick and Stickl (113) reported that the presence of MBP
in the CSF of a patient with otherwise isolated optic neuritis
and no history of previous neurologic symptoms or signs
nevertheless is highly predictive of the development of MS
in the future, a conclusion supported by the findings of Söder-

ström et al. (114) of anti-MBP and anti-MBP peptide anti-
body-secreting cells in the CSF of patients with both acute
optic neuritis and MS. The presence of multiple oligoclonal
bands in the CSF of a patient with isolated optic neuritis
also seems to be highly predictive of the future development
of MS (94,115–118). Finally, Deckert-Schlüter et al. (119)
detected increased concentrations of several different cyto-
kines in the serum, CSF, or both of 20 patients with isolated
optic neuritis who eventually developed MS, and Link et al.
(120) reported similar results. The presence of these sub-
stances suggests an activation of the T lymphocytes of the
immune system both within and outside the CNS and sug-
gests that either their presence alone or their particular con-
centration may be used to predict the ultimate development
of MS in these patients.

GENETIC STUDIES

There is considerable evidence that genetic factors play
a role in the development of MS (121). This is based on the
familial incidence of the disease (122), twin studies (123),
and HLA typing patterns (108,124–127). Because T cells
bind antigen only in association with a cell surface molecule
encoded by the major histocompatibility complex (MHC),
genes encoded by the MHC, and class II MHC genes in
particular, have long been considered as candidate suscepti-
bility loci in MS (128,129). Although an overrepresentation
of A3, B7, and DR2 alleles is common in MS patients of
Northern European ancestry (124,130), other MHC alleles
may be present in other ethnic groups with MS. Indeed,
association studies suggest that specific DR- or DQ-related
restriction fragment length polymorphisms (RFLP) influ-
ence susceptibility in some patients (131–133).

Having stated that various HLA haplotypes are found with
increased frequency in patients with MS compared with con-
trols, we must also state that HLA type does not seem to
strongly influence the risk of MS in patients with isolated
optic neuritis (134). Hely et al. (135) reported that the rela-
tive risk for MS in patients with optic neuritis was 2.7 for
those with the DR2 haplotype, 4.8 for those with the B7/
DR2 type, 1.4 for those with DR3, and 0.2 for patients with
the DR4 haplotype. Francis et al. (130) compared the fre-
quency of HLA types in optic neuritis patients who devel-
oped MS compared with those who did not. HLA DR2 was
present in 57% of the 58 patients who developed MS com-
pared with 44% of those who did not. DR3 was present in
36% and 16% of the two groups, respectively (P � 0.05).
DR2 and DR3 together were present in 14% of the MS group
and 2% of the non-MS group (relative risk � 6.7; P� 0.05).
Sandberg-Wollheim et al. (102) found that MS developed
in 42% of 45 patients with optic neuritis who had the HLA
DR2 haplotype and in 34% of 41 patients without this haplo-
type.

Among 33 patients with optic neuritis, 23 with isolated
spinal cord syndromes, and 14 with an isolated brain stem
disturbance, Kelly et al. (127) reported that clinical MS de-
veloped within a mean follow-up period of 5.3 years in 67%
of 30 DRB1*1501-positive patients compared with 38% of
40 negative patients; 62% of DQA1*0102-positive patients
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compared with 32% of negative patients; and 67% of
DQB1*0602-positive patients compared with 35% of nega-
tive patients. Patients who did not progress to MS appeared
to be similar to the controls. The predictive value of HLA
typing in relation to brain MR imaging also was evaluated
in this study. MR imaging was found to be a much stronger
indicator of risk than HLA, but the combination of MR imag-
ing and HLA haplotype DRB1*1501 increased the predic-
tive ability. Compston et al. (125) found that positive typing
for the HLA BT101, winter onset of the initial attack of optic
neuritis in BT101-positive patients, and recurrent attacks of
optic neuritis were associated with an increased incidence
of MS.

A substantial body of data indicates that MS is a complex
genetic disorder (136). This complexity may reflect poly-
genic inheritance (e.g., multiple susceptibility genes in a
given individual), locus heterogeneity (e.g., different genes
in different patients), and possibly etiologic heterogeneity
as well (e.g., more than one underlying cause). To date, the
most consistently observed genetic influence on MS arises
from a gene or genes linked to the MHC at chromosome
6p21 and associated with haplotypes of DR2 (molecular des-
ignation DRB1*1501, DQA1*0102, DQB1*0602) (136).
Several exceptions exist to the general finding of the DR2
association with MS, most notably MS in Asians (137) and
MS in Sardinians (138). A recent genetic analysis of the
MHC in an American MS population reported that linkage
was confined to DR2-positive multiplex families; thus, locus
heterogeneity exists in MS, with one DR2-associated form
and one or several others unassociated with DR2 (139).

The association of the HLA-DR2 allele with brain MR
imaging signal abnormalities and with the development of
MS was assessed in 178 patients enrolled in the ONTT. HLA
haplotype DR2 was present in 85 (48%) of the 178 patients.
Its presence was associated with increased odds of probable
or definite MS at 5 years (OR � 1.92, 95% CI 1.01–3.67,
P � 0.04). The association was most apparent among pa-
tients with signal abnormalities on baseline brain MR imag-
ing (140).

A high prevalence of DR2 was present in the ONTT co-
hort of patients with acute unilateral optic neuritis. This find-
ing is consistent with earlier studies of HLA genes in which
the DR2 association was nearly as strong for optic neuritis
as for MS (141). The ONTT also confirmed that DR2 is
associated with evolution of optic neuritis to MS, as reported
in some but not all earlier reports (141). The predictive
power of HLA typing in optic neuritis was weak compared
with abnormal MR imaging, an expected observation consid-
ering the relatively high prevalence of DR2 in healthy Cau-
casians, and the specificity of MR imaging abnormalities
for MS. Unexpected was the strong association observed
between DR2 and MS among optic neuritis patients with
abnormal baseline MR imaging, and the absence of this asso-
ciation in patients whose MR imaging was normal. Although
derived from a relatively small number of observations,
which limits the statistical power, this nevertheless suggests
that multifocal disease at onset may be influenced by the
HLA status of the individual, specifically by DR2 itself or
by another gene in linkage disequilibrium with DR2.

Disease heterogeneity is an important emerging concept
in MS. Neuropathologic studies support the concept that
more than one form of MS exists, defined by whether the
oligodendrocyte or the myelin sheath is the initial target of
injury, and by whether evidence of antibody-mediated tissue
damage is present (142,143). One clinical example of a re-
stricted variant of MS is primary progressive MS, which in
Caucasians is characterized by common occurrence in men,
little inflammation, few cerebral lesions, frequent spinal cord
disease, and a prominent axonal pathology (144). In another
example, two clinical forms of MS have been described in
Japan. The first, a disseminated disorder with widespread
brain lesions detected by MR imaging, resembles MS in
Caucasians and is associated with DR2. The second, a relaps-
ing-remitting or progressive disorder with predominant
spinal cord and optic nerve involvement, is not DR2 associ-
ated (137). Thus, at least in some situations, DR2-negative
individuals may have a propensity to develop topographi-
cally restricted forms of demyelinating disease.

A better understanding of the predictive value of these
and other serum and CSF findings for the development of
MS awaits further development in the arenas of neuroimmu-
nology and the genetics of demyelinating disease. Neverthe-
less, there appear to be certain serologic and CSF risk factors
that increase the likelihood that a patient with isolated optic
neuritis will eventually develop MS.

MR IMAGING

In the previous sections, we emphasized that MR imaging
in patients with presumed acute optic neuritis is probably
not warranted with respect to the identification of a lesion
that is compressing the optic nerve and producing a compres-
sive optic neuropathy that is mimicking optic neuritis. Simi-
larly, one does not necessarily need to perform MR imaging
to confirm a diagnosis of optic neuritis. On the other hand,
it is certainly clear that the results of MR imaging correlate
with the eventual development of MS.

The presence of multiple lesions in the periventricular and
other white matter on MR imaging, a phenomenon noted in
30–70% of patients with isolated optic neuritis (7,12,145,
146), appears to be the most significant risk factor associated
with an increased likelihood of developing MS (13,103,147,
148). MS was reported by Jacobs et al. (101) to have devel-
oped in 6 of 23 patients (26%) with abnormal brain MR
imaging, compared with only 3 of 25 patients (12%) with a
normal scan within a mean follow-up of 4 years. Martinelli
et al. (149) diagnosed MS in 7 of 21 patients (33%) with
isolated optic neuritis and an abnormal MR scan compared
with none of 16 patients with optic neuritis and a normal
scan within a mean follow-up of 2.7 years. Frederiksen et
al. (100) diagnosed MS in 7 of 30 (23%) patients with optic
neuritis and an abnormal MR scan compared with none of
20 patients with optic neuritis and a normal scan within mean
follow-up of 0.9 years. Finally, Morrisey et al. (150) reported
the development of MS in 23 of 28 (82%) optic neuritis
patients with an abnormal scan compared with only 1 of 16
(6%) patients with a normal scan over a mean follow-up of
5.5 years. The study by Morrisey et al. (150) is particularly
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important because it suggested that with sufficiently long
follow-up, most, if not all, patients with acute optic neuritis
who have silent brain MR imaging signal abnormalities ulti-
mately develop additional clinical manifestations sufficient
for a diagnosis of definite MS. Among patients with isolated
optic neuritis in the ONTT, the cumulative percentage devel-
oping MS within 4 years of the onset of the optic neuritis
was about 13% in patients with normal MR imaging, 35%
in patients with only one or two lesions, and 50% in patients
with more than two lesions (20). By 10 years, patients who
had one or more typical MR lesions had a 56% risk and
those with no baseline lesions had a 22% risk (23) (Fig. 6.7).
Higher numbers of lesions did not increase the risk of MS.

MR imaging has taken on an increasingly important role
in the diagnosis and monitoring of patients with MS (151).
Current MS diagnostic criteria following a monosymptom-
atic presentation incorporate changes in serial MR findings
as documentation of dissemination in time (152). Accord-
ingly, the long-term MR characteristics of monosymptom-
atic optic neuritis patients not developing MS on clinical
grounds are of great interest. Continued follow-up of the
cohort of participants enrolled in the ONTT has provided
the opportunity to evaluate brain MR scans 10 to 14 years
after optic neuritis in patients who have not developed
CDMS. The objective of this study was to determine the
proportion of such patients who manifest new brain MR
lesions on follow-up scans (26).

In the ONTT, among 61 patients with normal baseline
MR scan who had not developed clinical evidence of MS
after 10 years, 27 (44%) exhibited at least one new lesion
of more than 3 mm on follow-up brain MR scans (23,26).
Subclinical demyelination is the most logical explanation for
the new MR findings within this relatively young population,
although for some of the patients it is possible that the lesions

Figure 6.7. The cumulative probability of multiple sclerosis was statisti-
cally significantly higher in patients with one or more lesions seen on the
baseline MR scan of the brain than in patients with no brain lesions (P �
0.001, log rank test) but was not significantly different between patients
with a single brain lesion and patients with multiple lesions (P � 0.22,
log-rank test). (From Optic Neuritis Study Group. High- and low-risk pro-
files for the development of multiple sclerosis within 10 years after optic
neuritis: experience of the optic neuritis treatment trial. Arch Ophthalmol
2003;121�944–949.)

were present at the time of the initial scan but were not
detected due to the scan technique. On the other hand, the
fact that 34 patients (56%) did not develop clinical signs or
MR evidence of demyelination after 10 years suggests that
there are many cases of optic neuritis that may be unrelated
to MS.

Among the 35 patients whose baseline MR scan showed
at least one T2 lesion measuring at least 3 mm, 26 (74%)
developed at least one new lesion larger than 3 mm on fol-
low-up imaging in the absence of a clinical diagnosis of MS
(26). This phenomenon merely underscores the well-known
dissociation between MR findings and clinical expression
of MS. The fact that an abnormal baseline MR scan was
more likely to show additional lesions than a normal baseline
MR scan emphasizes the predictive value of the initial scan.
The presence of even a single lesion predicted the develop-
ment of further lesions. However, the development of new
lesions does not necessarily indicate that the patient will
develop clinical signs of MS even after 10 years.

Among the 12 patients with only punctate T2 hyperinten-
sities on baseline imaging, 9 (75%) exhibited changes on
long-term MR scanning, a frequency similar to that in the
patients with at least one lesion measuring more than 3 mm
on the baseline MR scan (26). This finding suggests that a
focal signal abnormality of any size may predict that addi-
tional signal abnormalities will occur in this population.

The data from the ONTT follow-up patients have several
limitations. MR technology continues to advance, and multi-
center, serial MRI studies are often forced to compare im-
ages obtained with different magnets, field strengths, and
protocols. Repositioning error on serial imaging is also a
source of potential difference between baseline and follow-
up MR scans. The use of magnets with higher field strength
and smaller slice thickness scans at follow-up may have
overestimated MR changes over time. However, changes in
these parameters appear to affect the assessment of lesion
volume more than lesion numbers. The addition of good-
quality spinal cord imaging may also increase the percentage
of patients with asymptomatic demyelinating lesions. Imag-
ing confined to the brain would, therefore, underestimate the
total burden of T2 changes over time. It is possible that
not all the T2 MR changes over time were the result of
demyelination. Vasculopathic risk factors such as advanced
age, diabetes, and hypertension may contribute to T2 MR
lesions, but this seems unlikely to explain a significant por-
tion of the change observed in this relatively young cohort.
Despite the limitations on interpretation of the results im-
posed by the differences in MR technique from baseline to
follow-up scans in the ONTT cohort studied, it is important
to recognize that these differences affect only the incidence
of new lesions and not the observed proportion of patients
who have remained lesion-free after 10 years.

The ONTT experience is unique in reporting the long-term
MR changes following monosymptomatic optic neuritis in
the absence of the development of clinical signs of MS. The
results support the notion that not all cases of monosymp-
tomatic optic neuritis are related to MS, since a subset of
patients manifested neither clinical signs nor MR evidence
of demyelination after more than 10 years of follow-up
(23,26). In addition, the results indicate that MR signal ab-
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normalities may accumulate without causing any clinical
manifestations of MS, even when the patient is followed for
over a decade. Although treatment decisions should take this
fact into account, it should be emphasized that MS is a life-
long disease, and the majority of disability is encountered
following 10–15 years of disease involvement.

VITREOUS FLUOROPHOTOMETRY

Braude et al. (153) evaluated vitreous fluorophotometry
in six patients with acute retrobulbar optic neuritis. These
investigators found an acute increase in posterior vitreous
fluorophotometric readings in one or both eyes of all six
patients. They speculated that the abnormally high vitreous
fluorophotometric findings in the patients are caused by an
increased permeability of the blood–ocular barrier, presum-
ably the result of inflammation in the retrolaminar portion
of the optic nerve and possibly in the posterior pole vascula-
ture. As with other tests that have been suggested as aids in
the diagnosis of optic neuritis, further testing is necessary
to determine the accuracy and clinical usefulness of this pro-
cedure.

Treatment

In 1949, Hench et al. (154) described the beneficial effects
of systemic corticosteroids in the treatment of rheumatoid
arthritis. Following this report, physicians began to consider
other disorders, including optic neuritis, that might respond
to similar treatment or to treatment with adrenocortico-
trophic hormone (ACTH). The first systematic attempt to
address this issue was a double-blind prospective study of
the treatment of 50 patients with acute retrobulbar neuritis
with either ACTH or placebo (155,156). The study showed
that the group treated with ACTH recovered vision faster,
but at 1 year the mean visual acuities in the two groups were
not significantly different from each other.

In the Cooperative Multiple Sclerosis Study (157), there
were 41 cases in which optic neuritis was the primary mani-
festation of MS for which patients were entered into the
study. The 22 patients treated with ACTH improved faster
than the 19 patients treated with placebo, but there was no
long-term follow-up. Bowden et al. (158) performed a pro-
spective clinical trial in 54 patients with acute optic neuritis.
The study showed no benefit on visual acuity of ACTH com-
pared with placebo in these patients.

Gould et al. (159) performed a prospective single-blind
controlled clinical trial in which 74 patients with optic neuri-
tis either received a retrobulbar injection of triamcinolone
or were randomized to a control group that received no treat-
ment. Visual acuity in the affected eyes of the treated patients
improved faster than did visual acuity in the affected eyes
of patients who received no treatment, but there was no dif-
ference in mean visual acuity between the two groups after
6 months. Trauzettel-Klosinski et al. (160) subsequently per-
formed a study in which 50 patients with acute optic neuritis
were randomized to receive either oral corticosteroids or
placebo. There was a suggestion of a slightly more rapid
recovery of vision in the patients treated with steroids com-
pared with patients in the placebo group, but there was no

difference in vision between groups at 12 months. In the
meantime, Spoor (161) and Spoor and Rockwell (162) de-
scribed rapid recovery of vision in two small series of pa-
tients with optic neuritis treated with intravenous methyl-
prednisolone.

As noted previously, patients with acute optic neuritis who
enrolled in the ONTT were randomized to one of three treat-
ment groups: (a) oral prednisone (1 mg/kg/day) for 14 days;
(b) intravenous methylprednisolone sodium succinate (250
mg qid for 3 days followed by an oral prednisone 1 mg/kg/
day) for 11 days; and (c) oral placebo for 14 days. Each
regimen was followed by a short oral taper (6,8). Most pa-
tients in all three treatment groups had a good recovery of
vision (8). After 6 months of follow-up, the median visual
acuity in each group was 20/16, and less than 10% of the
patients in each group had visual acuity of 20/50 or worse.
One year after the onset of visual symptoms, there was no
significant difference in mean visual acuity, color vision,
contrast sensitivity, or visual field (by mean deviation)
among the three groups (14,15). On the other hand, patients
treated with the regimen of intravenous methylprednisolone
followed by oral prednisone recovered vision considerably
faster than patients treated with oral placebo (8) (Fig. 6.8).
The benefit of this treatment regimen was greatest in the
first 15 days of follow-up and decreased subsequently.

Patients treated with oral prednisone alone did not recover
vision any faster and had no better vision at the end of a 6-
month follow-up period than patients treated with oral pla-
cebo (8). Unexpectedly, patients treated with oral prednisone
alone had an increased rate of recurrent attacks of optic neu-
ritis in the previously affected eye and an increased rate of
new attacks of optic neuritis in the fellow eye compared with
patients in the other two groups (8) (Fig. 6.9). Thus, oral
prednisone in a dose of 1 mg/kg/day did not speed recovery
of vision compared with no treatment, did not improve ulti-
mate visual acuity compared with no treatment, and pro-
duced a higher rate of recurrent and new attacks of optic
neuritis than no treatment.

The ONTT also evaluated the rate of development of clini-
cal MS in the three treatment groups and found that the
patients treated with the intravenous followed by oral corti-
costeroid regimen had a reduced rate of development of
clinically definite MS during the first 2 years (13,19). The
benefit of treatment was seen only in patients who had signif-
icantly abnormal brain MR imaging at the onset of the optic
neuritis. The 2-year risk of MS was too low in those with
normal brain MR imaging to assess the value of treatment
in such patients. The clinical benefit of the intravenous treat-
ment lessened over time, such that at 3 years of follow-up
there was no significant difference in the rate of development
of MS among treatment groups.

In the acute phase of optic neuritis, no treatment other
than corticosteroids or related agents such as ACTH have
been shown to be efficacious; however, intravenous immu-
noglobulin (IVIg) has been demonstrated in animals to pro-
mote remyelination of the CNS in experimental allergic en-
cephalomyelitis (163–165) and in Theiler’s virus model of
MS (166–169).

In a small pilot study, it was suggested that IVIg may
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Figure 6.8. Speed of visual recovery in patients with acute optic neuritis
treated with intravenous high-dose methylprednisolone (1 g/day for 3 days),
followed by a 2-week course of oral prednisone (1 mg/kg/day) (solid line),
compared with patients treated with oral prednisone alone (dotted line)
and untreated patients (given placebo) (dashed line) in the Optic Neuritis
Treatment Trial. Improvement in visual acuity (A), contrast sensitivity (B),
and visual field (C) occurred more rapidly in patients treated with the intra-
venous regimen than in patients given either low-dose oral prednisone or
in untreated patients. (From Beck RW, Cleary PA, Anderson MM Jr, et al.
A randomized, controlled trial of corticosteroids in the treatment of acute
optic neuritis. The Optic Neuritis Study Group. N Engl J Med 1992;
326�581–588.)

have some benefit in patients with resolved optic neuritis
who have significant residual visual deficits (170). Nosewor-
thy et al. (171) looked at whether IVIg reverses chronic
visual impairment in MS patients with optic neuritis. In a
double-blind, placebo-controlled phase II trial, 55 patients
with persistent acuity loss after optic neuritis were random-

Figure 6.9. Incidence of recurrent attacks of optic neuritis in the previ-
ously affected eye and new attacks of optic neuritis in the fellow eye of
patients enrolled in the Optic Neuritis Treatment Trial and Longitudinal
Optic Neuritis Study by treatment groups. Patients treated with oral predni-
sone alone, in a dose of 1 mg/kg/day for 14 days, had a much higher
incidence of such attacks than patients given oral placebo or patients treated
with intravenous methylprednisolone in a dose of 250 mg q6h for 3 days,
followed by an 11-day course of oral prednisone in a dose of 1 mg/kg/day.

ized to receive either IVIg 0.4 g/kg daily for 5 days followed
by three single infusions monthly for 3 months, or placebo.
The trial was terminated by the National Eye Institute be-
cause of negative results when 55 of the planned 60 patients
had been enrolled. Fifty-two patients completed the sched-
uled infusions, and 53 patients completed 12 months of fol-
low-up. Analysis of these data indicated that a difference
between treatment groups was not observed for the primary
outcome measure, improvement in logMAR visual scores
at 6 months (P � 0.766). Exploratory secondary analyses
suggested that IVIg treatment was associated with improve-
ment in visual function (including logMAR visual scores at
6 months and visual fields at 6 and 12 months) in patients
with clinically stable MS during the trial. It was the conclu-
sion of the investigators that IVIg administration does not
reverse persistent visual loss from optic neuritis to a degree
that merits general use.

On the basis of the above data, we believe there is no
treatment for acute demyelinating optic neuritis that can im-
prove the ultimate visual prognosis compared with the natu-
ral history of the disorder (9,10,20,21). A short course of
intravenous methylprednisolone (250 mg every 6 hours for
72 hours) followed by a 2-week course of oral prednisone
given orally (11 days of 1 mg/kg/day followed by a 3-day
taper) may result in an increase in the speed of recovery of
vision by 2–3 weeks compared with no treatment when the
steroids are begun within 1–2 weeks of the onset of visual
loss (8,172), but the ultimate visual function at 1 year will
be the same as it would have been if no treatment were given
(14). The use of oral corticosteroids alone, when given to
patients with acute optic neuritis at a dosage of 1 mg/kg/
day, not only does not improve visual outcome or speed
recovery but is also associated with a significantly higher
incidence of recurrent attacks of optic neuritis in the same
eye and new attacks in the contralateral eye than in patients
who either are not treated or receive intravenous corticoste-
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roids before a short oral course of steroids (8). In view of
these findings, we and others believe it is inappropriate to
treat any patient with acute demyelinating optic neuritis with
oral corticosteroids alone at this dosage (8–10,20,21). It is
possible that a high dose of prednisone, given orally, might
have the same effect as intravenously administered methyl-
prednisolone.

Visual Prognosis

The natural history of acute demyelinating optic neuritis
is to worsen over several days to 2 weeks, and then to im-
prove. The improvement initially is fairly rapid. It then levels
off, but further improvement can continue to occur 1 year

Figure 6.10. Time course of improvement in visual function after an attack of acute demyelinating optic neuritis in two
different patients, neither of whom was treated with systemic corticosteroids. Note the rapid drop in visual function over several
days followed shortly thereafter by concomitant improvement in visual acuity, contrast sensitivity, and visual field. Improvement
in visual function initially was rapid but then leveled off.

after the onset of visual symptoms (14,18,39,41,82) (Fig.
6.10). Among patients enrolled in the ONTT who received
placebo, visual acuity began to improve within 3 weeks of
onset in 79% and within 5 weeks in 93%. For most patients
in this study, recovery of visual acuity was nearly complete
by 5 weeks after onset (8,14). The mean visual acuity 12
months after an attack of otherwise uncomplicated optic neu-
ritis is 20/15, and less than 10% of patients have permanent
visual acuity less than 20/40 (14). Other parameters of visual
function, including contrast sensitivity, color perception, and
visual field, improve in conjunction with improvement in
visual acuity (16,41,55,173–175).

The visual improvement that occurs in patients with acute
optic neuritis tends to do so regardless of the degree of visual
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loss, although there is some correlation between the severity
of visual loss and the degree of eventual recovery. Factors
such as age, gender, optic disc appearance, and pattern of
the initial visual field defect do not appear to have any appre-
ciable effect on the visual outcome (18,39,82,176). Bradley
and Whitty (82) evaluated 73 patients with acute optic neuri-
tis and found that among patients with initial visual acuity
of 20/200 or worse, about 60% had acuity of 20/30 or better
at 6 months compared with about 70% in patients whose
initial visual acuity was better than 20/200. Cohen et al. (51)
found that in 24 patients with acute unilateral optic neuritis
and initial visual acuity worse than 20/200, the visual acuity
remained at that level in only 9 eyes. Slamovits et al. (177)
reported that of 12 patients with acute optic neuritis whose
vision became reduced to no light perception, all 12 showed
some improvement; indeed, visual acuity improved to 20/
40 or better in 8 and 20/20 or better in 5. Of 167 eyes of
patients enrolled in the ONTT in which the baseline visual
acuity was 20/200 or worse, only 10 (6%) had this level of
vision or worse 6 months later (8,15). Of 28 patients whose
initial visual acuity in the affected eye was light perception
or no light perception, 18 (64%) recovered to 20/40 or better
(8,15).

Even though the overall prognosis for visual acuity after
an attack of acute optic neuritis is extremely good, some
patients have persistent severe visual loss after a single epi-
sode of optic neuritis (8,14,15,41,178,179). Even those pa-
tients with improvement in visual function to ‘‘normal’’ may
complain of movement-induced photopsias and may have
persistent visual deficits when tested using more sensitive
clinical, electrophysiologic, or psychophysical tests (58,60,
180–194).

Continued follow-up of the cohort of patients who were
enrolled in the ONTT has provided a unique opportunity to
assess the long-term course of vision following an episode
of acute optic neuritis. In most patients, once visual acuity
stabilized after the initial episode of optic neuritis (as deter-
mined from the acuity measurement 1 year after the episode),
it remained remarkably stable for more than 10 years (24).
After 10 years, 69% of patients had acuity of 20/20 or better
in each eye, whereas 1% were worse than 20/200 in both
eyes. As was reported after 5 years of follow-up, visual func-
tion was worse in those patients with MS than in those with-
out MS (22,24). Further attacks of optic neuritis in either
eye occurred in 35% of all patients and were twice as com-
mon among patients diagnosed with MS at baseline or who
developed MS during the follow-up period. As a group, the
ONTT patients had lower (worse) quality of life scores as
measured on the National Eye Institute Visual Function
Questionnaire (NEI-VFQ) compared with a reference group
(24). A reduction in NEI-VFQ scores was strongly related
to a measured reduction in visual acuity and to the presence
of MS. Among patients with acuity in each eye of 20/20 or
better and among patients who did not have MS, the scores
were quite similar to the reference group.

There are few long-term follow-up data in the literature
for comparison with the results of the ONTT. The finding
that after more than 10 years of follow-up 86% of the af-
fected eyes had visual acuity of 20/25 or more and 91% had

acuity of 20/40 or more (24) is comparable to that of Bradley
and Whitty (82), who reported that 86% of 66 patients were
20/25 or more (mean follow-up after episode of optic neuritis
of 10.2 years, range 6 months to 20 years), and Cohen (51),
who reported that 82% of 60 patients had visual acuity of
20/40 or more (mean follow-up 7.1 years after optic neuritis,
range 5–12 years). The 10-year ONTT recurrence rate of
35% is similar to that reported by Cohen (42%) (51) but
higher than that reported in other studies with extended fol-
low-up such as those by Bradley and Whitty (18%) (82),
Hutchinson (24%) (83), and Rodriguez (16%) (33).

Over time, some attrition of the original ONTT cohort
has occurred. This has more impact on the vision assessment
than it does on the neurologic assessment, since for the latter
the investigators were able in many cases to determine
whether MS had developed through either phone contact
with the patient or medical records, whereas the former re-
quires the completion of specific visual function tests. Pa-
tients who were no longer being followed in the cohort had
slightly worse baseline acuity in the affected eye both at
baseline and at the time of the last completed visit. The
ONTT reported vision results for the patients completing the
examination are likely to be slightly biased toward those
with better vision. The results of the ONTT can be used by
clinicians to advise patients that the long-term visual prog-
nosis is good following an episode of optic neuritis. Follow-
up of this cohort will continue with the support of the Na-
tional Eye Institute, and patients will be examined again in
2006 (24).

Residual Visual Deficits After Resolution of Optic
Neuritis

Following an attack of acute optic neuritis, disturbances
in visual acuity (15–30%), contrast sensitivity (63–100%),
color vision (33–100%), visual field (62–100%), stereopsis
(89%), light brightness sense (89–100%), pupillary reaction
to light (55–92%), optic disc appearance (60–80%), and the
VEP (63–100%) may all persist. Kirkham and Coupland
(195) examined 93 patients with previously diagnosed optic
neuritis and submitted the results of several diagnostic tests
in these patients to linear stepwise multiple regression analy-
sis. The analysis indicated that the most common findings
after an attack of acute optic neuritis were optic atrophy,
defective color vision, and a prolonged pupil cycle time.
Other findings in these patients included a relative afferent
pupillary defect, an abnormal response to the Pulfrich test,
and an abnormal VEP.

Visual Acuity

Most patients recover to normal or near-normal visual
acuity. Bradley and Whitty (82) found that 50% of patients
recovered vision to 20/30 or better within 1 month of initial
visual loss, and 75% recovered to 20/30 or better within 6
months. In the series reported by Perkin and Rose (39), 87%
of patients with optic neuritis recovered vision better than
20/40, and only 8% had vision worse than 20/200 after a
minimum follow-up period of 6 months. In the ONTT, after
12 months of follow-up visual acuity was more than 20/20
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in 69%, 20/40 or more in 93%, and 20/200 or less in only
3%. The results in each treatment group were similar (14).

Color Vision

Persistent disturbances of color vision are present in a
high percentage of eyes with otherwise resolved optic neuri-
tis. Wybar (196), for instance, found disturbances of color
vision in 56% of 25 cases of resolved optic neuritis using
Ishihara pseudoisochromatic plates, whereas Lynn (197) re-
ported a figure of 84% among 143 cases. Burde and Gallin
(181) reported an abnormal Farnsworth-Munsell 100-Hue
color test in three of nine eyes in which visual acuity had
recovered to normal after an attack of retrobulbar neuritis.
Griffin and Wray (63) tested 30 eyes with resolved retrobul-
bar neuritis that recovered visual acuity to 20/40 or better.
Color vision testing using Ishihara pseudoisochromatic
plates was abnormal in 15 of 22 patients tested, and assess-
ment of color vision using the Farnsworth-Munsell 100-Hue
test revealed abnormalities in all 30 patients. Perkin and
Rose (39) reported finding defects in color vision in 50%
of 112 eyes with resolved optic neuritis. Kirkland and Coup-
land (195) found that defective color vision was one of the
most common findings in eyes with a history of well-docu-
mented acute optic neuritis. Fleishman et al. (90) tested 27
patients with resolved optic neuritis and found abnormalities
in 34% of eyes tested with Ishihara color plates and 63% of
eyes tested with the Farnsworth-Munsell 100-Hue test. In
the ONTT, color vision measured by the Farnsworth-
Munsell 100-Hue test was normal within 6 months in only
60% of patients (8). In our experience, the percentage of
eyes with color vision disturbances is related in large part
to the sensitivity of the test that is used to detect such defects.

Visual Field

Residual visual field defects are usually present in eyes
after resolution of acute optic neuritis, even when visual
acuity has returned to 20/20 or better. Using a Friedman
Visual Field Analyzer, Bowden et al. (158) found defects in
67% of 35 eyes tested; Van Dalen and Greve (198) in 86%
of 14 eyes; and Perkin and Rose (39) in 72% of 120 eyes.
Nikoskelainen (107) performed kinetic perimetry using a
Goldmann perimeter and found abnormalities in the visual
field in 62% of 167 eyes that had experienced an attack of
acute optic neuritis. Burde and Gallin (181) reported normal
kinetic perimetry but abnormal static perimetry in each of
nine eyes with a good recovery of visual acuity following
an attack of acute retrobulbar optic neuritis. Fleishman et
al. (90) reported visual field defects in 26% of eyes that had
normal visual acuity after an attack of acute optic neuritis.
Among patients enrolled in the ONTT, the mean deviation
of the visual field performed using a Humphrey Field Ana-
lyzer was abnormal at 6 months in 32% (8).

Contrast Sensitivity

Contrast sensitivity provides a measure of the ability of
an eye to detect a difference in luminosity between an object
and its background. Numerous studies using various meth-

ods of measuring contrast sensitivity have shown that con-
trast sensitivity remains abnormal regardless of the degree
of visual recovery in most eyes after resolution of acute
optic neuritis. Arden and Gucukoglu (86) reported abnormal
contrast sensitivity using hand-held grating plates in 70% of
57 eyes with resolved optic neuritis, and both Zimmern et
al. (199) and Sjöstrand and Abrahamsson (200) reported ab-
normal contrast sensitivity in 100% of eyes with 20/20 visual
acuity after an attack of acute optic neuritis. Using an auto-
mated system, Sanders et al. (53) found abnormal contrast
sensitivity over a wide range of spatial frequencies in 63%
of 64 eyes with resolved optic neuritis. In this study, the
subjective visual complaints of the patients correlated better
with impaired contrast sensitivity than with any other mea-
sure of visual function, including visual acuity, color vision,
and visual field. Beck et al. (88) reported abnormal contrast
sensitivity in 78% of 51 eyes with recovered optic neuritis.
Among 33 of these eyes with visual acuity of 20/25 or better,
contrast sensitivity was still abnormal in 67%. Fleishman et
al. (90) found abnormalities in contrast sensitivity in 75%
of 27 eyes with recovered optic neuritis and good visual
acuity. Drucker et al. (201) tested 25 eyes with good visual
acuity (20/30 or better) following optic neuritis with the
Regan Low Contrast Letter Chart. Contrast sensitivity was
abnormal (defined as two standard deviations below the nor-
mal group mean determined as part of the study) in 84% of
the affected eyes. In the ONTT, contrast sensitivity measured
with the Pelli-Robson chart was abnormal at 6 months in
56% (8).

Contrast sensitivity is often abnormal in cases of MS in
which there has not been overt acute optic neuritis (202,203)
and in some fellow eyes in cases of apparent unilateral optic
neuritis (53,86,88). These findings suggest that these eyes
have subclinical optic nerve demyelination that was not nec-
essarily detected by testing of other types of visual function.

Stereopsis

Stereopsis is a binocular function that is defined as the
ability to discern a separation in the distance of two static
objects. Patients with reduced stereopsis often complain of
a loss of depth perception. Friedman et al. (204) tested stere-
opsis using the Titmus test in patients with various optic
neuropathies and found that it was worse relative to the re-
duction in visual acuity in most of these patients. In the 13
patients they tested with visual acuity of 20/40 or better, 11
had stereopsis worse than predicted by the level of acuity.
Fleishman et al. (90) found stereopsis to be reduced in 89%
of 19 patients with a history of unilateral optic neuritis and
in 75% of 8 patients with a history of bilateral optic neuritis.

Light-Brightness Sense

Patients often complain that vision appears dimmer in one
eye compared with the other after resolution of optic neuritis.
Sadun and Lessell (205) developed an instrument that could
quantify this reduction in brightness. Among 15 patients
with acute unilateral optic neuritis of less than 3 months’
duration, 12 of whom had recovered visual acuity to 20/20
in the affected eye, all noted a reduction in perceived light
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brightness in the previously affected eye compared with the
unaffected eye. Fleishman et al. (90) found light brightness
to be reduced in a high percentage (89%) of patients with
resolved unilateral optic neuritis.

Pupillary Reaction

Many patients with unilateral acute optic neuritis have a
persistent relative afferent pupillary defect on the affected
side, even when excellent recovery of vision has occurred.
In the ONTT, 54% of the patients without a past history of
optic neuritis in the fellow eye had a relative afferent pupil-
lary defect 6 months after the onset of visual symptoms (8).

Burde and Gallin (181) detected a relative afferent pupil-
lary defect in five of nine eyes following a good recovery
from acute unilateral optic neuritis. Using pupillometry, Ellis
(77) found a relative afferent pupillary defect in each of 13
patients with resolved optic neuritis. All of the 13 eyes also
had a persistent reduction in the amplitude of the VEP. Per-
kin and Rose (39) noted a relative afferent pupillary defect
in 55% of 139 eyes after acute optic neuritis, Bynke et al.
(206) in 41% of 31 patients. Cox et al. (78) detected a relative
afferent pupillary defect by the swinging flashlight test in
92% of 50 patients with resolved optic neuritis.

Optic Disc Appearance

Optic disc pallor is almost always present when visual
recovery has been incomplete and is often present even when
recovery has been excellent (Figs. 6.5 and 6.11). The pallor
is usually temporal, but it may be generalized. Wybar (196)
noted optic disc pallor in 67% of 33 eyes with resolved optic
neuritis, whereas Lynn (197) reported it in 80% of 160 eyes,
Bowden et al. (158) in 70% of 54 eyes, Nikoskelainen (107)

Figure 6.11. Optic atrophy after acute, anterior optic neuritis. A, Mild optic disc swelling. Visual acuity is 20/400, and there
is a central scotoma in the right eye. B, Two months after initial visual loss, disc swelling has resolved. Visual acuity has
returned to 20/20, but the optic disc now shows temporal pallor, and there are defects in the peripapillary retinal nerve fiber
layer (arrowheads).

in 60% of 167 eyes, Burde and Gallin (181) in 5 of 9 eyes,
and Perkin and Rose (39) in 62% of 165 eyes. In the ONTT,
63% of patients had evidence of optic disc pallor at 6 months
(8).

Perhaps more common than optic atrophy is the develop-
ment of defects in the retinal nerve fiber layer after an attack
of acute optic neuritis (207). Most patients develop such
defects, which may be diffuse, localized to the papillomacu-
lar bundle, or isolated defects in the arcuate regions.

Visual Evoked Potentials (VEPs)

The VEP is an electroencephalographic recording over
the occipital lobe in response to visual stimulation. It is occa-
sionally used as an objective measure of conduction in the
afferent visual system (see Chapter 2). After resolution of
acute optic neuritis, most patients have a prolonged latency,
indicating impaired optic nerve conduction. Shahrokhi et al.
(208) reported an abnormal VEP in 95% of 58 eyes with
resolved optic neuritis, Bynke et al. (206) in 71% of 42 cases,
and Wutz et al. (209) in each of 19 patients. In cases of optic
neuritis with visual recovery to 20/40 or better, Griffin and
Wray (63) reported an abnormal VEP in 93% of 30 eyes,
Arden and Gucukoglu (86) in 63% of 24 eyes. Halliday et
al. (210) and Asselman et al. (211) found abnormal visual
evoked potentials in all 24 and 15 cases, respectively, of
resolved optic neuritis occurring in patients with MS. Halli-
day et al. (212) reported that when visual acuity returned to
20/20, the amplitude of the VEP often was normal, but the
latency was virtually always still abnormal.

Subjective Visual Complaints

Despite the often-excellent measured recovery of visual
function after an attack of acute optic neuritis, many patients
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still complain of difficulties with vision. As noted above, it
is important to realize that many patients with optic neuritis
whose visual acuity returns to normal (20/20 or better) never-
theless have clinical and laboratory evidence of significant
optic nerve dysfunction (89,90,135), particularly when using
tests of color vision (60,107,197) or measuring the VEP
(206,208,211,212). Such patients will state that their vision
is ‘‘not right’’ or that it remains ‘‘fuzzy.’’ This difficulty
with fine visual function may cause disability in some pa-
tients with resolution of optic neuritis who try to return to
vocations requiring detailed visual function.

In the ONTT, a questionnaire was completed after 6
months by 382 of the patients (213). Persistent visual symp-
toms were reported by 56% of the patients. Among the 215
patients who perceived their vision in the eye affected by
optic neuritis to be somewhat or much worse than before
optic neuritis, visual acuity was nevertheless normal in 66%,
contrast sensitivity in 30%, color vision in 55%, and the
mean deviation of the visual field in 58%.

One cause of symptoms in these patients is probably re-
lated to subtle abnormalities in the visual field that may be
difficult to detect with standard static perimetry in which
patients experience abnormally rapid disappearance of focal
visual stimuli and abnormally rapid fatigue in sensitivity.
Patients in whom such abnormalities are present typically
complain that when they look at something, it appears as if
they have ‘‘holes’’ in their field of vision. If they continue
concentrating on the object, some holes fill in, whereas new
holes appear elsewhere in the field. Ellenberger and Ziegler
(183) called this phenomenon the ‘‘Swiss cheese’’ visual
field. It occurs not only in optic neuritis but also in other
types of optic neuropathy.

Uhthoff’s Symptom

Following an episode of optic neuritis, some patients de-
scribe transient visual blurring during exercise, during a hot
bath, or during emotional stress (3,214–216). This phenome-
non, called Uhthoff’s symptom, is most common in patients
with other evidence of MS but is also experienced by other-
wise healthy patients after optic neuritis, by patients with
Leber’s optic neuropathy (217), and by patients with optic
neuropathies from other causes (218). Some patients with
Uhthoff’s symptom note that their visual symptoms improve
in colder temperatures or when drinking cold beverages. In-
deed, we have a patient who reported that she kept ice and
ice water at her bedside at all times. Whenever she wanted
to read something or see clearly at distance, she would place
an ice cube in her mouth or drink the ice water. She would
then see clearly for several minutes or longer. On examina-
tion, her visual acuity improved from 20/400 to 20/40 in
both eyes about 2 minutes after she placed an ice cube in
her mouth. Scholl et al. (219) reported that when Uhthoff’s
symptom was present following optic neuritis, MR imaging
of the brain was more likely to be abnormal and MS was
more likely to develop. Uhthoff’s symptom was reported
after 6 months by about 10% of patients enrolled in the
ONTT (213).

Although the patient studied by Goldstein and Cogan

(216) developed visual blurring during exercise despite a
stable body temperature, most investigators agree that Uht-
hoff’s symptom is most often associated with an elevation
of body temperature (220). Two major hypotheses regarding
this phenomenon are that elevation of body temperature in-
terferes directly with axon conduction and that a rise in body
temperature releases a chemical substance that interferes
with conduction. Although several studies appear to demon-
strate humoral factors capable of blocking nerve conduction
(221–224), Zweifach (225) examined three patients with
Uhthoff’s symptom and found that blood removed from the
patients at the time of maximal visual loss and readminis-
tered in the normothermic state did not reproduce the symp-
tom. Tasaki (226) postulated a safety factor for nerves that
he defined as the ratio of the action current generated by the
nerve impulse to the minimum amount of current needed to
maintain conduction; if the safety factor is decreased by in-
jury, disease, or pharmacologic insult, a small additional
insult could be sufficient to block conduction. Davis (227)
and Rasminsky (228), using severely demyelinated periph-
eral nerve fibers, found that reversible conduction block can
be induced by increasing the temperature as little as 0.5�C.
Increased temperature increases the threshold for excitation
for a nerve and also decreases the duration of the action,
presumably reducing the safety factor in the nerve. It is likely
that this direct temperature effect explains Uhthoff’s symp-
tom in most cases (229); however, although temperature ele-
vation may be the primary factor responsible for Uhthoff’s
symptom, it may not be the only factor. Persson and Sachs
(230) studied the effects of physical exercise on the pattern-
reversal VEP in patients with MS, with and without a history
of Uhthoff’s symptom, and in normal subjects. These inves-
tigators found that physical effort produced a short-lasting
reduction in the amplitude of the VEP and in the visual acuity
of patients with MS with a history of Uhthoff’s symptom;
however, there was no significant change observed in the
already prolonged latency of VEP. In patients with MS with-
out a history of Uhthoff’s symptom, and in normal subjects,
neither visual acuity nor any aspect of the VEP was affected.
The authors interpreted their results as an indication that
Uhthoff’s symptom results from a reversible conduction
block in impulse transmission by demyelinated nerve fibers,
supporting the work of Davis (227) and of Rasminsky (228);
however, changes in oral temperature were very slight or nil
in these patients. Selhorst et al. (231) studied the monocular
pattern-reversal VEP in four patients with MS, well-compen-
sated optic neuritis, and Uhthoff’s symptom during and after
peddling a lightly loaded ergometer bicycle. These investiga-
tors found no change in either oral or tympanic membrane
temperature at a time when visual acuity became reduced
and the VEP showed absence or reduction in amplitude of
the P2 wave. Because all patients studied showed a slight
decline in venous pH and a rise in lactic acid, Selhorst et
al. (231) postulated that the demyelinated nerves may be
susceptible not only to temperature changes but also to meta-
bolic changes in the environment. Uhthoff’s symptom can
occur not only in patients who have experienced an attack
of acute optic neuritis but also in patients who have chronic
or subclinical optic neuritis (discussed later).
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Neurologic Prognosis

Both retrospective and prospective studies have been per-
formed in an effort to determine the prognosis for the devel-
opment of MS in patients who experience an attack of acute
optic neuritis (232). Retrospective studies provide figures
ranging from 11.5% to 85% in both adults (28,32,82,83,118,
197,315) and children (35,233–235). The marked discrep-
ancy in these figures may result from biases common to
almost all retrospective studies, including criteria for diagno-
sis of MS and optic neuritis, the nature and length of follow-
up, and the care with which neurologic and visual testing
was performed. Most prospective studies seem to support
higher figures, indicating that the risk of developing MS in
patients who experience an attack of acute optic neuritis is
only about 30% in patients followed 5–7 years after the
attack of optic neuritis (51,135) but eventually increases to
about 75% in women and 34% in men with longer follow-
up (102,130,236). Rodriguez et al. (33) reported that among
95 incident cases of optic neuritis occurring in Olmstead
County, the estimated risk of MS was 39% by 10 years, 49%
by 20 years, 54% by 30 years, and 60% by 40 years. Again,
the risk of MS was higher in women than in men in this
study. The reason for the apparent difference in neurologic
prognosis between women and men is unclear, particularly
since there seems to be no difference in the clinical disease
or its course between the two sexes (10). The average time
interval from an initial attack of optic neuritis until other
symptoms and signs of MS develop varies considerably;
however, most authors find that the majority of persons who
develop MS after an attack of optic neuritis do so within 7
years of the onset of visual symptoms (32,96,102,236). Even
patients who live in tropical and subtropical regions of the
world have a substantial risk of developing MS after an at-
tack of isolated optic neuritis (237), although this risk may
be lower in Japan (238) and in some Latin American coun-
tries (239). It therefore seems appropriate to consider most
cases of optic neuritis a limited form of MS (240) and to
counsel patients appropriately (147,241–243).

As noted above, there appear to be certain risk factors
that increase the likelihood that a patient with isolated optic
neuritis will eventually develop MS. Compston et al. (125)
found that positive typing for HLA BT101, winter onset of
the initial attack of optic neuritis in BT101-positive patients,
and recurrent attacks of optic neuritis were associated with
an increased incidence of MS. Frick and Stickl (113) re-
ported that the presence of MBP in the CSF of a patient with
otherwise isolated optic neuritis and no history of previous
neurologic symptoms or signs nevertheless is highly predic-
tive of the development of MS in the future, a conclusion
supported by the findings of Söderström et al. (114) of anti-
MBP and anti-MBP peptide antibody-secreting cells in the
CSF of patients with both acute optic neuritis and MS. Multi-
ple oligoclonal bands in the CSF of a patient with isolated
optic neuritis also seems to be highly predictive of the future
development of MS (94,115–118).

Among patients with isolated optic neuritis enrolled in the
ONTT, a positive family history of MS, a history of previous
neurologic symptoms, and a history of a previous attack of

optic neuritis in the fellow eye increased the risk of the devel-
opment of MS; however, at least one lesion in the periven-
tricular white matter on MR imaging, a phenomenon noted
in 30–70% of patients with isolated optic neuritis (7,12,145,
146), was the most significant risk factor associated with an
increased likelihood of developing MS (13,23).

Deckert-Schlüter et al. (119) detected increased concen-
trations of several different cytokines in the serum, CSF, or
both of 20 patients with isolated optic neuritis who eventu-
ally developed MS, and Link et al. (120) reported similar
results. The presence of these substances suggests an activa-
tion of the T lymphocytes of the immune system both within
and outside the CNS, and suggests that either their presence
alone or their particular concentration may be used to predict
the eventual development of MS in these patients.

Some authors believe that patients in whom optic neuritis
is the initial manifestation of MS tend to have a more benign
course than patients in whom MS presents with no visual
symptoms and signs (51,82,244–247). Other investigators,
however, have found no difference in the eventual outcome
of the disease (248–251).

In the ONTT (23), the 10-year risk of MS was 38%. Pa-
tients (n � 160) with one or more typical lesions on the
baseline brain MR scan had a risk of 56%; those with no
lesions (n � 191) had a risk of 22% (P � 0.001). The
presence of more than one lesion did not appreciably in-
crease that risk (23–26). Even when brain MR lesions were
present, over 40% of patients did not develop clinical MS
after 10 years. The 10-year risk of development of MS, based
strictly on conventional clinical criteria, was 38%, compared
with a 5-year risk of 30% (22–26). Thus, although these
patients continued to develop MS with each passing year,
most did so within the first 5 years after the initial episode
of optic neuritis. These results have applicability not only
to optic neuritis but also to patients presenting with a first
demyelinating event of the brain stem or spinal cord because
the three presentations share a common pathogenesis and
have been reported to have similar risks for MS (83). The
finding, in the ONTT cohort of patients, of a 38% 10-year
risk of MS after optic neuritis is similar to that of several
prior reports (33,102,236) and lower than that of other re-
ports (83,130,252), all of which had smaller sample sizes.
Differences in risk estimates across studies can also be attrib-
uted to differences in patient inclusion criteria, retention
rates, and diagnostic criteria for MS.

The most potent predictor of MS in the ONTT was the
presence of white matter lesions on the baseline brain MR
scan (23). The presence of one such lesion at least 3 mm in
diameter more than doubled the 10-year risk of MS (from
22% to 56%). However, the presence of one or more lesions
did not signify that the patient was destined to develop MS.
Among patients with brain MR lesions, the 10-year probabil-
ity of remaining free of MS was 44%. Conversely, the ab-
sence of brain MR lesions did not eliminate the risk of devel-
oping MS; in the absence of any lesions, the 10-year
probability of MS was 22%.

There are certain gender and optic disc appearance charac-
teristics that help predict whether a patient with optic neuritis
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Table 6.1
Gender and Optic Disc Appearance Combined as Predictors of
Multiple Sclerosis in Patients with No Brain Lesions on MR Imaging
at Study Entry

Number
Developing 10-Year Risk

Multiple of Multiple Hazard Ratio
N Sclerosis Sclerosisa (95% CI)b

a Kaplan-Meier estimate of cumulative probability.
b From proportional hazards model.
(From Optic Neuritis Study Group. Long-term brain MRI changes after optic neuritis in
patients without clinically definite multiple sclerosis. Arch Neurol 2004 [in press].)

Female
Disc normal
Disc edema

Male
Disc normal
Disc edema

85
57

25
24

26
9

3
1

31%
16%

15%
5%

1.0
0.42 (0.20–0.89)

0.36 (0.11–1.19)
0.14 (0.02–1.00)

will subsequently develop MS (Table 6.1) (26). In the
ONTT, among patients with one or more brain MR lesions,
no demographic characteristics or clinical features of the
optic neuritis were useful in further defining the risk
(23–26). But among patients without brain MR lesions, the
risk was three times lower in males than in females, consis-
tent with the well-documented lower prevalence of MS in
males than in females and consistent with studies conducted
prior to the availability of brain MR imaging. The risk was
also lower when the optic neuritis was associated with a
swollen rather than a normal optic disc. Among females with
no brain MR lesions, those with optic disc edema had a risk
of MS that was half as great as those without optic disc
edema. The risk of MS when no baseline brain MR lesions
were present was zero among the small group of patients
who had any one of the following findings: no light percep-
tion vision in the affected eye, optic fundus findings includ-
ing severe optic disc edema, peripapillary hemorrhages, reti-
nal exudates, or the absence of periocular pain (24–26).
Thus, when there are no brain MR lesions, the presence of
any of these clinical features appears to predict a very low
risk of MS. In patients who bear these atypical features, the
optic neuritis may not be part of a multifocal demyelinating
CNS illness.

The difference in the risk profile between patients with
and without brain MR lesions is not surprising (24–26). Pa-
tients with MR lesions already have imaging evidence of
disseminated disease, the pathogenesis of which is almost
certainly related to MS. Therefore, there is no reason to ex-
pect to be able to identify true risk factors for future develop-
ment of MS. On the other hand, the group of patients with
optic neuritis and a normal brain MR scan likely includes a
subgroup destined to have MS and another subgroup not
destined to have MS.

With regard to the predictive role of MR lesions, the only
study comparable to the ONTT (252,253) enrolled 131 pa-
tients with an acute demyelinating event in which optic neu-
ritis constituted half of the cohort. Ten-year follow-up was
achieved in 81 (62%) patients and 12- to 16-year follow-up

in 72 (55%). After 10 years, MS was present in 83% of those
with entry MR lesions and in 11% of those without entry
MR lesions. Differences between these results and the
ONTT may be related to the former study’s smaller sample
size and lower follow-up rate. That study found, as the
ONTT/LONS did, that once there is at least one MR lesion,
an increasing number of lesions does not appreciably am-
plify the long-term risk of MS.

The eligibility criteria of the ONTT/LONS were suffi-
ciently broad that the results should be applicable to most
patients presenting with optic neuritis as a first demyelinat-
ing event. Having incomplete data for 13% of the original
cohort was unlikely to be a source of appreciable bias. How-
ever, because the patients with incomplete follow-up had a
lower prevalence of brain MR scans with one or more lesions
than did the patients with complete follow-up, the computed
10-year risk of MS could be a slight overestimate.

The results of the ONTT/LONS long-term follow-up are
important to the clinician in several respects (23,650). First,
they reaffirm the prognostic value of a brain MR scan per-
formed at the time of a first episode of optic neuritis. The
presence of a single brain MR white matter lesion of at least
3 mm in diameter markedly increases the risk of developing
MS; higher numbers of lesions do not appreciably increase
that risk. Second, they establish that even when MR lesions
are present, clinically defined MS does not develop within
10 years in over 40% of patients. Third, the results highlight
the importance of an ophthalmologic examination for pa-
tients whose brain MR scan is normal, because ophthalmos-
copy can identify features (severe optic disc swelling, hem-
orrhages, and exudates) associated with a very low risk of
developing MS. This natural history information is a critical
input for estimating a patient’s 10-year MS risk and for
weighing the benefit of initiating prophylactic treatment at
the time of optic neuritis or other first demyelinating events
in the CNS.

Recurrent Optic Neuritis

Patients in whom idiopathic acute optic neuritis occurs,
whether anterior or retrobulbar, may experience a recurrence
in the eye at a later date or may experience a similar attack
in the fellow eye. Recurrent attacks occurred in 11.3% of
the patients reported by Marshall (68), in 14% of the patients
studied by Classman and Phillips (254), in 20.6% of the
patients in the series reported by Lynn (197), in 24% of
Hutchinson’s patients (83), and in 16.7% of the patients stud-
ied by Perkin and Rose (39). The 10-year ONTT recurrence
rate of 35% was similar to that reported by Cohen (42%)
but higher than that reported in other studies with extended
follow-up such as those by Bradley and Whitty (18%),
Hutchinson (24%), and Rodriguez (16%). Although it has
been believed that the likelihood of visual acuity returning
to normal decreases with each recurrence (83,197), the expe-
rience of the ONTT has shown that long-term visual function
is generally good despite this recurrence rate.

Management Recommendations for Patients with
Presumed Acute Optic Neuritis

In a patient with typical features of optic neuritis, a clinical
diagnosis can be made with a high degree of certainty with-



CLINICAL NEURO-OPHTHALMOLOGY314

out the need for ancillary testing. Brain MR imaging is a
powerful predictor of the long-term probability of MS (for
at least the first 10 years); this information, as outlined
above, when coupled with clinical trial outcomes suggesting
significant efficacy of early immunomodulatory therapy in
patients with clinically isolated demyelinating syndromes
and abnormal MR scans, should be helpful to clinicians in
planning long-term therapy as prophylaxis.

Based on the results of the ONTT, it is reasonable to
consider treatment with intravenous methylprednisolone,
250 mg q6h for 3 days or 1 g/day in a single dose � 3 days,
followed by a 2-week course of oral prednisone, 1 mg/kg/
day, with a rapid taper for patients with acute optic neuritis,
particularly if brain MR imaging demonstrates multiple sig-
nal abnormalities in the periventricular white matter consis-
tent with MS, or if a patient needs to recover vision faster
than the natural history of the condition. Since the potential
beneficial effects on the visual and neurologic courses are
short term and not lasting, prescribing no treatment is also
a reasonable approach. However, oral prednisone alone in
standard dosages (e.g., less than 1 mg/kg/day) should be
avoided. As noted above, the visual recovery is excellent
without treatment and the long-term vision is not any better
when corticosteroids are prescribed.

Pathology

There is little material available regarding the pathologic
findings in the optic nerves of patients with acute isolated
optic neuritis. What pathology exists has been in optic nerves
from patients with acute MS and shows active demyelinating
plaques similar to those in the brain (255–258). In such
plaques, the inflammatory response is marked by perivascu-
lar cuffing, T cells, and plasma cells. Initially there is swell-
ing of nerve tissue in the area of demyelination, following
which the myelin sheaths begin to break down into fat drop-
lets. As degeneration proceeds, the nerve fibers themselves
are destroyed, with the degeneration occurring in both the
proximal and distal segments. As the inflammatory reaction
subsides, fat-laden macrophages become numerous, and
there is glial proliferation. Gartner (259) examined 14 eyes
from 10 patients in whom a diagnosis of MS had been made
clinically and confirmed at postmortem examination. An at-
tack of optic neuritis had been diagnosed during life in only
two of the cases, and all cases were in an advanced state of
the disease by the time of their death. Gartner (259) found
only optic atrophy, predominantly in the temporal portion of
the nerve. Although the papillomacular bundle was primarily
affected, the peripheral fibers were also damaged. There was
an increase in cellularity of the nerve, especially with respect
to glial cells. The surface of the optic discs showed extensive
gliosis, and the blood vessels on and near the disc were
thickened and sclerosed. The retina showed atrophy of the
nerve fibers and ganglion cells, most readily observed at the
macula. de Preux and Mair (260) described the ultrastructure
of the optic nerves of a patient who developed Schilder’s
disease and bilateral demyelinating optic neuritis. Both
nerves contained areas of complete, as well as partial, demy-
elination. No oligodendrocytes were present in the areas of

complete demyelination, and the naked axons contained
swollen, vacuolated mitochondria in these areas. There were
some oligodendrocytes in areas of partial demyelination, and
axon architecture was maintained in these regions. In all
areas, there was an excess of fibrous astrocytes.

Several experimental animal models of demyelinating
optic neuritis can be produced for study of pathologic
changes and other features of the condition. Rao et al. (261)
produced experimental allergic optic neuritis in guinea pigs
by sensitization with isogenic spinal cord emulsion in com-
plete Freund’s adjuvant. The optic neuritis produced in this
manner has two major forms: (a) a ‘‘retrobulbar’’ form, with
a diminished pupillary response to light despite a normal-
appearing retina and optic disc, and (b) a ‘‘neuroretinitis,’’
with a diminished pupillary response associated with hyper-
emia and swelling of the optic disc and edema of the peripap-
illary retina. Histopathologic study of animals with retrobul-
bar neuritis reveals a mononuclear cell infiltrate localized to
the retrobulbar portion of the optic nerve and chiasm with
multiple foci of axial and periaxial demyelination. Similar
pathologic changes are present in animals with experimental
neuroretinitis, but in these animals, the lesions are located
just behind the lamina cribrosa, with marked swelling of
axons in the prelaminar portion of the optic nerve, identical
with that seen in human disc swelling. In addition, Hayreh
et al. (262) observed acute optic neuritis with variable de-
grees of optic disc swelling in adult rhesus monkeys with
experimental allergic encephalomyelitis. Histopathologic
examination of the optic nerves of these animals revealed
inflammatory infiltrates, extensive demyelination, and axon
degeneration, without inflammation in the retina or optic
nerve head. Okamoto (263) observed macrophages in the
subarachnoid space in rabbits with experimental allergic
optic neuritis. He suggested that these macrophages may
digest the myelin debris in the subpial spaces of the affected
optic nerves. It is likely that these models will facilitate fu-
ture studies of pathogenetic mechanisms of demyelinating
diseases of the human optic nerve (264).

Sergott et al. (265) injected the serum from 17 patients
with MS and 3 patients with isolated optic neuritis into the
optic nerves of guinea pigs. These investigators then sacri-
ficed the animals and examined the optic nerves. They found
demyelination in the optic nerves injected with the serum
from 12 of the 17 MS patients and in the optic nerves injected
with serum from all 3 of the optic neuritis patients. There
were areas in which axons were relatively spared within the
areas of demyelination, similar to those seen in the brains
of patients with MS.

It is believed that demyelination of nerve fibers leads to
complete conduction block, slowing of conduction, or a fail-
ure to transmit a rapid train of impulses (256,266,369).

Relationship of Optic Neuritis to MS

Optic neuritis occurs in about 50% of patients with MS
and in about 20% it is the presenting sign (39). Available
evidence suggests that the pathogenesis of isolated optic neu-
ritis is no different than that of MS in general. In fact, a
strong case can be made for optic neuritis being a forme
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fruste of MS, based on similarities between the two in inci-
dence, CSF findings, histocompatibility data, results of MR
imaging, and family history as well as other features (240).
For instance, both isolated optic neuritis and MS are more
common in northern latitudes and in females compared with
males. Immunologic changes in the CSF similar to those in
MS may also occur in optic neuritis (267) (discussed previ-
ously). Feasby and Ebers (115) found that 75% of 36 patients
with isolated optic neuritis had abnormalities on somatosen-
sory evoked potentials, brain stem evoked potentials, or CSF
protein electrophoresis, and Sanders et al. (251) found that
67% of 30 patients had similar abnormalities. As noted
above, 25–60% of patients with isolated optic neuritis have
changes in the brain on MR imaging consistent with areas
of demyelination. Ebers et al. (268) described 10 patients
with isolated optic neuritis who had a family member with
MS, which also suggests an etiologic association between
the two, and similar HLA types (108,125) are also present
in both optic neuritis and MS.

Although Kurland et al. (269) did not find age at onset
of optic neuritis to be a risk factor in the eventual develop-
ment of MS, and Hely et al. (135) reported that there was
no difference in the age range of those patients with optic
neuritis who developed MS compared with those who did
not, most studies indicate that the younger the age at which
optic neuritis develops, the greater the risk for the develop-
ment of MS. Bradley and Whitty (82) first suggested that
the risk of MS increased with increasing age, but they did
not provide any supportive data. Kahana et al. (30), however,
reported that 39% of patients who were less than 39 years old
when they had an initial attack of optic neuritis eventually
developed MS, compared with 21% of patients who eventu-
ally developed MS after they developed optic neuritis when
they were older than 40. Mapelli et al. (270) reported similar
findings. These investigators reported that 31% of 26 pa-
tients who were less than 40 years of age when they experi-
enced a first attack of optic neuritis eventually developed
MS, compared with only 14% of 14 patients who were older
than 40 years of age when they experienced their first attack.
Rizzo and Lessell (236) reported that the relative risk for
MS increased by 1.7 for each decade less than 54 years.
Like Bradley and Whitty (82), Sandberg-Wollheim et al.
(102) suggested that younger age at onset of optic neuritis
was a risk factor in the development of MS but provided no
supportive data. Age at onset was not found to be statistically
related to ultimate development of MS in the ONTT/LONS
(24–26).

There is some controversy as to whether gender is a risk
factor for the development of MS after optic neuritis. Some
investigators report no difference in the incidence of MS
after optic neuritis (30,82,237,270). Rodriguez et al. (33)
also found no gender differences in their study: 38% of 26
men and 40% of 66 women developed MS at 10 years after
onset of optic neuritis. On the other hand, Hely et al. (135)
reported that the relative risk of MS was almost three times
greater in women compared with men. Rizzo and Lessell
(236) reported that MS developed in 69% of 47 women and
33% of 20 men within 14.9 years of their initial attack of
optic neuritis, and Sandberg-Wollheim et al. (102) reported

that 46% of 54 females and 28% of 32 men developed MS
within a mean of 12.9 years after their attack. In the ONTT
with 10 years of follow-up, no gender difference in risk for
development of MS was observed (23) when the presenting
MR scan was found to be abnormal. In contrast, among the
191 patients without MR lesions, certain features did alter
the risk of MS (Table 6.1), with the risk of MS lower in
males than in females.

Kurland et al. (269) found no difference between whites
and nonwhites in his comparison of United States service-
men, but this study had low power to observe such a differ-
ence if, indeed, one existed. Alter et al. (271) compared the
Asian and Caucasian populations in Hawaii and found no
significant differences in the rate of development of MS after
optic neuritis between the two races. Although the 2-year
data from the ONTT suggested that Caucasians are at higher
risk than African-Americans (13), results from this study at
10 years had insufficient statistical significance to comment
on this variable. Among Caucasians in the study, 14% of
331 developed MS within 2 years compared with 5% of
58 non-Caucasians, most of whom were African-American.
This difference was still present at 4-year follow-up (20).

Kurland et al. (269) found neither birthplace nor residence
to be a risk factor for MS in a study of U.S. veterans with
optic neuritis, but the study by Kahana et al. (30) of optic
neuritis in Israel found that MS developed in 23% of 35
patients born in Europe, 32% of 25 patients born in Asia
or Africa, and 44% of 25 patients born in Israel. There is
increasing epidemiologic evidence suggesting that the place
of residence in regard to distance from the equator during
the first 15 years of life is a major risk factor for the develop-
ment of MS after optic neuritis. Indeed, it seems clear that
persons who migrate from one country or region to another
during childhood (i.e., under 15 years of age) take on the
risk of the country of destination (272–274). It is less clear
whether persons who migrate later in life retain the risk of
their country of origin or take on the risk of their new place
of residence.

Kurland et al. (266) and Bradley and Whitty (82) reported
that season of onset of optic neuritis was not a risk factor
for the subsequent development of MS but provided no data.
Sandberg-Wollheim et al. (102), however, reported that MS
developed in 43% of 42 patients with onset of optic neuritis
between October and March, compared with 29% of 44 pa-
tients with onset of optic neuritis between April and Sep-
tember.

There are few data available on the features of optic neuri-
tis that relate to the subsequent risk of MS. Kurland et al.
(266) did not find any aspects of optic neuritis to be risk
factors; however, Bradley and Whitty (82), without any sup-
porting data, reported that optic disc appearance and severity
of visual loss were not risk factors for MS but that the pres-
ence of pain and a typical visual field defect were risk fac-
tors. Kahana et al. (30) found that MS developed in only
13% of 45 patients with anterior optic neuritis, compared
with 60% of 30 patients with retrobulbar optic neuritis.

Data from the ONTT confirm the findings of Kahana et
al. (30) that the presence of severe disc swelling reduces the
likelihood that MS will develop, particularly when the pa-
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tient also has normal brain MR imaging (13,23–26). In the
ONTT, among the 22 patients with severe disc swelling and
normal brain MR imaging at baseline, none developed clini-
cal signs of MS in 10 years of follow-up. In patients of both
genders without brain MR lesions, MS did not develop in
any patients whose visual loss was painless (n � 18) or total
(no light perception, n � 6) or in those who had ophthalmo-
scopic findings of severe disc swelling (n � 22), hemor-
rhage of the optic disc or surrounding retina (n � 16), or
retinal exudates (n � 8) (Table 6.1). In the 191 patients
without MR lesions, the risk of MS was lower when the
optic disc was swollen (anterior optic neuritis, papillitis) than
when it was not swollen (retrobulbar neuritis). Among fe-
males, the risk of MS was halved when optic disc swelling
was present. Among males, only 1 of 24 patients with optic
disc swelling developed MS. One hundred seventy-nine of
the 191 patients with no brain MR lesions had no prior his-
tory of neurologic symptoms or optic neuritis in the fellow
eye and would be considered to have monofocal optic neuri-
tis; their 10-year risk of MS was 20%.

In most series, adult patients with bilateral simultaneous
optic neuritis are said to have the same risk of developing
MS as patients with unilateral optic neuritis (82,269,275);
however, Hutchinson (83) found an increased incidence of
MS in patients who developed bilateral optic neuritis either
simultaneously or whose second eye became affected within
2 weeks of the first eye. In the ONTT/LONS, when the
criteria for MS were expanded to include the occurrence of
optic neuritis in the fellow eye, the 10-year risk of MS was
45%: 31% in patients with no baseline brain MR lesions and
60% in patients with one or more lesions (23). Most authors
believe that ultimate visual acuity after optic neuritis has no
bearing on the subsequent development of MS (23–26,
39,82).

Although it might be expected that recurrent optic neuritis
would increase the risk for MS, the reports on this provide
mixed results, with some authors reporting an increased risk
(33,83,102,267) and others not (130,236). Data from the
ONTT data do not show a strong relationship between recur-
rent optic neuritis and the early development of MS
(13,20,23–26).

Evidence of immunologic dysfunction (e.g., oligoclonal
banding) in the CSF is common in patients with MS.
Whether the presence of these abnormalities in patients with
clinically isolated optic neuritis increases the risk that such
patients will develop MS in the future is controversial (dis-
cussed previously). Nikoskelainen et al. (267) studied 48
patients with isolated optic neuritis, 27 (56.3%) of whom
developed probable MS during a 7- to 10-year follow-up.
Although increased relative IgG, abnormal electrophoresis,
or an abnormal ratio of measles antibody titer in the serum
compared with the CSF at the time of presentation correlated
with the development of clinical signs of disseminated dis-
ease, 6 of 11 (54.5%) patients with normal CSF values on
every laboratory study developed MS. Stendahl-Brodin and
Link (117) reported that 9 of 11 (81.8%) patients with iso-
lated optic neuritis but with abnormal CSF developed MS
within a mean follow-up of 11 years. During this period only
1 of 19 (5.3%) similar patients with normal CSF developed

MS. Anmarkrud and Slettnes (118) reported that 15 of 19
(78.9%) patients with optic neuritis who had abnormal CSF
but only 1 of 10 (10%) patients with optic neuritis and nor-
mal CSF developed MS within a mean follow-up of 5.8
years. Sandberg-Wollheim et al. (102) reported that 26 of
55 (47.3%) patients with optic neuritis who had abnormal
CSF and 7 of 31 (22.6%) patients with normal CSF devel-
oped MS over a mean follow-up of 12.9 years. These studies
indicate that 25–50% of patients with isolated acute optic
neuritis and abnormal CSF remain free of neurologic mani-
festations of MS for many years (if not for life), whereas
10–50% of patients with optic neuritis and normal CSF
nevertheless develop other manifestations of MS during the
same period. In view of these findings, it seems likely that
CSF abnormalities alone are not a primary risk factor in
determining whether a patient with acute optic neuritis even-
tually develops clinical evidence of disseminated demyelin-
ation.

No long-term study has evaluated the added value of the
detection of CSF abnormalities in conjunction with MR im-
aging of the brain; however, data from the ONTT suggest
that the presence of CSF abnormalities has little predictive
value for the development of MS over and above the power-
ful predictive value of MR imaging (discussed previously)
(13,93,276,277).

The predictive value of CSF oligoclonal banding for the
development of CDMS within 5 years after optic neuritis
was assessed in 76 patients enrolled in the ONTT. In the
patients followed in the ONTT for 5 years, the following
findings were noted:

1. Oligoclonal bands were present in 50% of the patients
(73% of the 37 patients with abnormal brain MR and
28% of the 39 patients with normal brain MR).

2. CDMS developed within 2 years in 29% of the 38 with
oligoclonal bands and in 5% of the 38 patients without
oligoclonal bands (P � 0.015).

3. The association of oligoclonal bands and the develop-
ment of CDMS was attenuated when adjusted for brain
MRI (P [adjusted for MRI] � 0.09).

4. There were 11 patients with normal brain MR scans who
had oligoclonal bands, two of whom had developed
CDMS by 2 years (93).

CDMS developed within 5 years in 22 (29%) of the 76
patients: in 16 (42%) of the 38 patients with oligoclonal
bands present and in 6 (16%) of the 38 patients without
bands (OR � 3.88; 95% CI � 1.18, 13.86; P � 0.02).
Among the 54 patients not classified as CDMS, 5-year fol-
low-up was complete for 50 (93%). The predictive value of
CSF oligoclonal band assessment for the development of
CDMS over and above that of brain MR imaging was appar-
ent only among patients with no brain MR lesions at study
entry. Among the 39 patients with normal brain MR imag-
ing, CDMS developed in 3 of 11 (27%) patients with oli-
goclonal bands present but in only 1 of 28 (4%) without
oligoclonal bands (P � 0.06). In contrast, among the 37
patients with abnormal brain MR imaging, CDMS devel-
oped in 13 of 27 (48%) with oligoclonal bands and in 5 of
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10 (50%) without oligoclonal bands (P� 1.00). The positive
predictive value of oligoclonal bands was 42% and the nega-
tive predictive value was 84%. Among the 39 patients with
normal brain MR imaging, the positive and negative predic-
tive values were 27% and 96%, respectively, whereas among
the 37 patients with abnormal brain MR imaging, the values
were 48% and 50%, respectively.

Brain MR imaging has been demonstrated to be a strong
predictor of CDMS among patients with monosymptomatic
optic neuritis. In the ONTT there was a 51% 5-year incidence
of CDMS in patients who had abnormal brain MR imaging
at the time of optic neuritis compared with a 16% incidence
in those with normal brain MR scans (22). These results
indicate that performing a lumbar puncture to detect oli-
goclonal bands is not of added value for predicting the five-
year risk of CDMS in patients who have abnormal brain MR
scans at the time of development of monosymptomatic optic
neuritis. However, the results suggest that oligoclonal band
testing may be helpful in the risk assessment of optic neuritis
patients with normal brain MR scans.

That the value of CSF analysis would depend on the brain
MR findings was not felt to be surprising (277). Patients
with abnormal brain MR scans already have morphologic
evidence of disseminated disease, and as such it is expected
that most of these patients will eventually develop additional
neurologic events sufficient for a diagnosis of CDMS. There-
fore, there is no reason to expect that a CSF analysis would
be predictive of MS among these patients. The group of
patients with optic neuritis and normal brain MR imaging
likely includes a subset of those destined to have MS and a
subset of those who may have optic neuritis unassociated
with MS. Among these patients, the finding of oligoclonal
bands in the CSF does appear to increase the likelihood that
CDMS ultimately will be diagnosed. Additionally and per-
haps more importantly, the absence of oligoclonal bands in
the CSF makes the development of CDMS within 5 years
unlikely. Although the number of patients in the ONTT was
too small for definitive conclusions with regard to the role of
CSF analysis in the evaluation of patients with optic neuritis,
according to the authors the results suggested that a lumbar
puncture has limited value in patients with typical mono-
symptomatic optic neuritis who have demyelinative changes
on brain MR imaging (277).

CHRONIC DEMYELINATING OPTIC NEURITIS

It was once stated that for all intents and purposes chronic
optic neuritis does not occur. The reason for this dogmatic
statement was that too many patients with mass lesions com-
pressing the intracranial portion of the optic nerve were
being diagnosed as having chronic optic neuritis, leading to
delayed treatment of the underlying lesion with resultant
permanent visual loss. Thus, the statement that chronic optic
neuritis was never a tenable diagnosis was made in an effort
to raise the consciousness of the majority of physicians to
look for another, potentially treatable, cause of unilateral
progressive optic neuropathy.

In fact, chronic optic neuritis not only occurs but is not
uncommon. In any group of patients with MS, one can find

numerous patients who have no history of acute visual loss
(painful or otherwise) but who nevertheless complain that
the vision in one or both eyes is not normal and who have
evidence of unilateral or bilateral optic nerve dysfunction
(198,254,278–285). Such patients may complain of a static
disturbance of vision, a slowly progressive loss of vision in
one or both eyes, or, occasionally, a stepwise loss of vision
unassociated with periods of recovery.

Some patients with MS complain of blurred or distorted
vision even though visual acuity is 20/20 or better in both
eyes. Such patients often are found to have evidence of
chronic optic neuritis by clinical testing (e.g., color vision,
visual fields, ophthalmoscopy) (Fig. 6.12), electrophysio-
logic testing (visual evoked responses), psychophysical test-
ing (e.g., contrast sensitivity), or a combination of these
methods (202,286–289). Regan et al. (202), for example,
used sine wave gratings to test contrast sensitivity for nar-
row, broad, and intermediate-width bars in a group of 48
patients with MS and resolved optic neuritis. These investi-
gators found that in 20 of the 48 patients with MS in whom
Snellen acuity fell within normal limits, contrast sensitivity
to gratings of broad and/or intermediate bar width was abnor-
mally low, whereas sensitivity to narrow bars was normal.

Most patients with chronic unilateral or bilateral demye-
linating optic neuritis develop visual symptoms after other
signs and symptoms of MS have developed, and this is why
the percentage of patients with MS and evidence of chronic
progressive optic neuritis increases the longer the patients
are followed (278,281). Nevertheless, slowly progressive
visual loss or complaints of blurred or distorted vision are
the first symptoms of the underlying neurologic disease in
some patients (278,281). We are unaware of any treatment
for chronic progressive demyelinating optic neuritis.

Figure 6.12. Retinal nerve fiber bundle defects in the right eye of a patient
with bilateral chronic optic neuritis in the setting of multiple sclerosis. The
patient had never experienced any episodes of acute loss of vision. Instead,
she stated that her vision was slightly blurred and had been slowly worsen-
ing for the past 6–8 months. Visual acuity was 20/20 OU; however, color
vision was slightly diminished in both eyes when tested using Hardy-Rand-
Rittler pseudoisochromatic plates. Visual fields were normal by kinetic
perimetry. There was no relative afferent pupillary defect. Both optic discs
were mildly pale.
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ASYMPTOMATIC (SUBCLINICAL)
DEMYELINATING OPTIC NEURITIS

A substantial percentage of patients with MS have clinical
or laboratory evidence of optic nerve dysfunction even
though they have no visual complaints and believe their vi-
sion to be normal (194,198,282,283,285,290–292). The
Optic Neuritis Study Group (7,11) found that 48% of patients
with apparently unilateral optic neuritis and no history of
previous optic neuritis in the contralateral eye nevertheless
had an abnormal visual field unexplained by intraocular pa-
thology in their asymptomatic, fellow eye. A substantial per-
centage of these eyes also had disturbances of visual acuity,
color vision, and contrast sensitivity. These findings are con-
sistent with the pathologic finding of demyelination in the
optic nerves in patients who never had visual complaints
during life (293). Miller (294) reported having evaluated a
21-year-old woman who came to the Wilmer Eye Institute
for a routine examination. Visual acuity was correctable to
20/15 OU, color vision was normal, and kinetic perimetry
was normal in both eyes using both a tangent (Bjerrum)
screen and a Goldmann perimeter. Ophthalmoscopy re-
vealed normal-appearing optic discs and peripapillary nerve
fiber layer with no evidence of atrophy; however, the patient
had a definite right relative afferent pupillary defect. It was
decided to perform a CT scan. Shortly after the patient re-
ceived an intravenous injection of contrast, she experienced
a seizure and then had cardiorespiratory arrest from which
she could not be resuscitated. Postmortem examination re-
vealed no brain neuropathologic findings; however, the right
optic nerve showed several small areas of demyelination
and secondary atrophy consistent with a previous attack of
subclinical optic neuritis (Fig. 6.13). Although this patient

Figure 6.13. Pathology of probable subclinical optic neuritis. The patient was a 21-year-old woman with no previous history
of systemic disease, neurologic disease, ocular disease, or trauma who was noted during a routine eye examination to have a
right relative afferent pupillary defect. The patient had no visual complaints once her refractive error was corrected, and she
had visual acuity of 20/15 OU, normal color perception in both eyes, using Hardy-Rand-Rittler pseudoisochromatic plates, and
normal visual fields by kinetic perimetry. The patient subsequently suffered a fatal cardiac arrest during CT scanning, possibly
related to a toxic reaction to contrast material. A, Section through the right optic disc and anterior portion of the right optic
nerve shows segmental optic atrophy. Masson trichrome. B, Higher-power view of the right optic nerve shows the atrophic
area (A) adjacent to normal nerve fiber bundles (N). Masson trichrome.

had no evidence of MS, this case emphasizes that patients
with and without evidence of MS may experience an attack
of subclinical optic neuritis.

Evidence for optic neuritis in a patient who is visually
asymptomatic may be clinical, electrophysiologic, psycho-
physical, or a combination of these (40,188,291,292). A
careful clinical examination may reveal that despite having
visual acuity of 20/20 or better, the patient has a subtle dis-
turbance of color perception when tested with color plates,
the Farnsworth-Munsell 100-Hue test, or some other method
(8,60,126,187,188,190,295,296). There may be subtle visual
field defects in one or both eyes detected using automated
perimetry (194,297,298). A relative afferent pupillary defect
may be present (299), or the patient may have subtle optic
nerve or nerve fiber layer atrophy (191,286,300–302) (Fig.
6.14). In some cases, MR imaging shows enhancement of
the optic nerve in question (Fig. 6.15).

Visually asymptomatic patients suspected of having or
known to have MS may be shown to have disturbances of
the visual sensory pathways by electrophysiologic testing.
VEPs seem to be a particularly sensitive indicator of optic
nerve and other visual sensory pathway disturbances in such
patients (40,188,190,191,210,289,291,292,296,303–305).

Psychophysical tests of visual function, such as contrast
sensitivity using a Pelli-Robson chart, Arden gratings, oscil-
loscope screen projections, or similar techniques, may reveal
abnormalities in patients with MS and other disorders who
are visually asymptomatic (40,58,189,192,202,283,287,289,
291,292,306,307). Some psychophysical tests, such as mea-
surements of sustained visual resolution (308) and assess-
ment of chromatic, luminance, spatial, and temporal sensi-
tivity (309–313), give similar results but are too complex
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Figure 6.14. Retinal nerve fiber bundle defects in the asymptomatic eye
of a patient with multiple sclerosis. Note numerous curvilinear dark streaks
in the inferior arcuate nerve fiber bundle of the left eye.

and time-consuming to be of use in screening patients in
clinical practice. Other tests, such as assessing the presence
or absence of the Pulfrich phenomenon (314), and the ‘‘flight
of colors’’ test (316–319), give little more information than
one can obtain by an otherwise complete clinical and electro-
physiologic examination.

NEUROMYELITIS OPTICA (DEVIC’S DISEASE)

The association of acute or subacute loss of vision in one
or both eyes caused by acute optic neuropathy preceded or
followed within days to weeks by a transverse or ascending
myelitis was initially described by Allbutt (320) and later
by Devic (321). Devic called the condition neuromyelitis
optica, but it subsequently became known as ‘‘Devic’s dis-

Figure 6.15. MR imaging in subclinical optic neuritis. T1-weighted coro-
nal MR image after intravenous injection of paramagnetic contrast material
in a 29-year-old woman with a history of left optic neuritis but no visual
symptoms or signs of optic neuropathy in the right eye shows enhancement
of the orbital portion of the right optic nerve (arrowhead).

ease’’ through the efforts of his pupil, Gault (322), who
devoted his thesis to the subject.

Devic’s disease (neuromyelitis optica [NMO]) is an idio-
pathic inflammatory demyelinating disease of the CNS,
characterized by attacks of optic neuritis and myelitis. The
co-occurrence of optic neuritis and myelitis is seen in pa-
tients with MS, acute disseminated encephalomyelitis, sys-
temic lupus erythematosus (SLE), and Sjögren’s syndrome;
it can also occur in association with viral and bacterial infec-
tions (Table 6.2). Often, however, no underlying cause can
be found. NMO may occur as a monophasic illness that is
either fulminant and fatal or associated with varying degrees
of recovery. A polyphasic course, characterized by relapses
and remissions, also occurs (323).

Although Devic’s disease has been acknowledged as a
unique type of optic neuritis for over 130 years, only recently
has the pathologic appearance of this unique form of demye-
linating process been more clearly elucidated. Much debate
has revolved around whether NMO is a distinct disease, and
what its relationship is to MS and other autoimmune disor-
ders.

Epidemiology

NMO constitutes less than 1% of demyelinating disease
in Western countries (324,325) and may be more prevalent
than typical MS in Japan (326–329). NMO occurs primarily
in children and young adults (330–336), but all ages may
be affected, and the condition has been described in patients
over 60 years of age (331,337,338). Both sexes are equally
affected. It does not seem to be inherited, although McAlpine
(339) reported its occurrence in monozygotic twins. Al-
though most patients who develop this condition are other-
wise healthy, NMO has been reported in patients with SLE
(340,341), pulmonary tuberculosis (342–344), and after
chickenpox (345,346). Hainfellner et al. (347) reported the
case of a previously healthy 40-year-old woman who devel-
oped both NMO and myelinoclastic diffuse sclerosis
(Schilder’s disease; discussed later). This case gives some
credence to those who believe that both disorders are variants
of MS.

Table 6.2
Neuromyelitis Optica and Associated
Systemic Diseases

Autoimmune disorders
Systemic lupus erythematosus (340,341,526–530,635)
Sjögren’s syndrome (636–639)
P-ANCA (640,641)
Anticardiolipin antibody syndrome (642,643)
Mixed connective tissue disease (644,645)
Infectious disease
Tuberculosis (343,344,646)
Viral

HIV (511)
Varicella-zoster virus (345,346,369,647)
Epstein-Barr virus (370)

Toxins
Clioquinol (648–650)
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Pathology

The brain, optic nerves, and spinal cord are affected by
scattered lesions of demyelination that principally affect the
white matter but may also affect the gray matter (348). In
some cases, the cerebral cortex is only slightly affected or
completely spared (349); however, the optic nerves and the
spinal cord are invariably damaged (350). Both optic nerves
are affected, although the degree of demyelination may be
symmetric or asymmetric. Mandler et al. (349) described the
pathologic findings in five cases of ‘‘neuromyelitis optica’’
and found unilateral demyelination in three of the five cases.
All of these cases also showed evidence of a severe necrotiz-
ing myelopathy with thickening of blood vessel walls and
absence of lymphocytic infiltration or demyelination in the
spinal cord. In view of these unusual findings, we would
question the diagnosis of NMO in these patients.

The spinal cord is extensively affected in all cases of
NMO (350). Liquefaction and formation of cavities are com-
mon. There is widespread destruction of myelin sheaths, and
axis cylinders may also be destroyed. There may be small
areas of perivascular lymphocytes in both brain and spinal
cord. Formation of glial tissue occurs in mild or moderately
severe cases; however, it is not present or is minimal in
fulminating, rapidly fatal cases.

Walsh (351) studied a patient with presumed NMO in
whom scattered areas of destroyed tissue were present
throughout the subcortex with more pronounced lesions in
the occipital lobes, particularly in the region of the calcarine
fissure. Small areas of demyelination were present in the
basal ganglia, in the region of the red nucleus, and in perivas-
cular locations throughout the mesencephalon. The optic
nerves showed extensive demyelination, as did the optic chi-
asm. The spinal cord was most severely affected, with the
lesions increasing in severity as they passed down the cord
(352). Rare patients with NMO have pathologic evidence of
a demyelinating peripheral neuropathy (353).

Although some investigators believe that NMO is simply
a rare and aggressive variant of MS (329,347,354–356),
there are several important differences in the pathologic find-
ings in the two conditions (357,358). First, the cerebellum
is almost never affected in patients with NMO, whereas it
is frequently affected in MS. Second, excavation of affected
tissue with formation of cavities is rare in MS but common
in NMO, where there is often liquefaction of tissue. Third,
gliosis is characteristic of MS but is almost always absent
or minimal in NMO. Fourth, the arcuate fibers located in
the cerebral subcortex are relatively unaffected in patients
with NMO but are severely damaged in most patients with
MS.

Lassmann et al. (359) proposed a classification for MS
lesions based on molecular histopathologic findings from
diagnostic biopsies and autopsies. The patterns I–IV of de-
myelination and inflammation are not closely linked to spe-
cific relapsing-remitting or progressive disease courses but
may help us to understand the underlying immunologic and
neurodegenerative mechanisms involved in lesion forma-
tion. These patterns may also be defining in the pathophysio-
logic process underlying NMO.

Although serologic and clinical evidence of B-cell auto-
immunity has been observed in a high proportion of patients
with NMO, the mechanisms that result in selective localiza-
tion of inflammatory demyelinating lesions to the optic
nerves and spinal cord are unknown. Lucchinetti et al. (360)
provided detailed molecular studies on 82 lesions from nine
autopsy cases of NMO using a similar classification, patho-
logically, as in their paper on the classification of MS lesions
(359). Demyelinating activity in the lesions was immunocy-
tochemically classified as early active (21 lesions), late ac-
tive (18 lesions), inactive (35 lesions), or remyelinating (8
lesions) by examining the antigenic profile of MDPs with
macrophages. The pathology of the lesions was analyzed
using a broad spectrum of immunologic and neurobiologic
markers, and lesions were defined on the basis of myelin
protein loss, the geography and extension of plaques, the
patterns of oligodendrocyte destruction, and the immuno-
pathologic evidence of complement activation. The pathol-
ogy was identical in all nine patients. Extensive demyelin-
ation was present across multiple spinal cord levels,
associated with cavitation, necrosis, and acute axonal pathol-
ogy (spheroids), in both gray and white matter. They found
a pronounced loss of oligodendrocytes within the lesions.
The inflammatory infiltrates in active lesions were character-
ized by extensive macrophage infiltration associated with
large numbers of perivascular granulocytes and eosinophils
and rare CD3� and CD8� T cells. A pronounced perivas-
cular deposition of immunoglobulins (mainly IgM) and com-
plement C9 neo-antigen in active lesions was associated with
prominent vascular fibrosis and hyalinization in both active
and inactive lesions. Lucchinetti et al. concluded that the
extent of complement activation, eosinophilic infiltration,
and vascular fibrosis observed in these Devic NMO cases
was more prominent compared with that in prototypic MS,
and that this supported a role for humoral immunity in the
pathogenesis of NMO. Further, they felt that therapeutic
strategies designed to limit the deleterious effects of comple-
ment activation, eosinophil degranulation, and neutrophil/
macrophage/microglial activation were worthy of further in-
vestigation.

The animal model for MS, experimental autoimmune en-
cephalomyelitis (EAE), may be of help in understanding
which immunologic effector mechanisms, in particular auto-
antibodies, contribute to the pathogenesis of NMO. Aug-
mentation of demyelination in EAE in the Lewis rat by circu-
lating antibodies directed toward myelin oligodendrocyte
glycoprotein (MOG) was described in the late 1980s (361).
Since then a wide array of experimental models have focused
on MOG as autoantigen and generated variants of EAE in
rats and mice that more closely mimic the complex of pathol-
ogies seen in MS (362).

All the salient immunopathologic features of NMO are
reproduced in Brown Norway (BN) rats immunized with
MOG (363). MOG-induced EAE in this strain follows a
fulminant clinical course associated with widespread demye-
lination and axonal injury. The lesion distribution also ex-
hibits a preference for the optic tract and spinal cord similar
to that seen in NMO. More importantly, the inflammatory
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infiltrate contains large numbers of eosinophils and demye-
lination is associated with complement deposition. Recruit-
ment of eosinophils into the CNS was not seen in demyelin-
ating lesions induced by the cotransfer of MOG-specific
antisera and encephalitogenic Th-1 MOG-specific T cells in
BN rats, suggesting that eosinophil recruitment was depen-
dent on a MOG-specific Th-2 T-cell response. However, it
was not possible to identify a clear highly polarized MOG-
specific Th-2 T-cell response. In particular, no enhanced
secretion of the classical Th-2–associated cytokine IL-4 was
observed and the MOG-specific antibody response included
both Th-1–associated (IgG2b) and Th-2–associated (IgG1
and IgE) isotypes.

These findings demonstrate that even in inbred strains
with a high susceptibility for Th-2–driven autoimmune re-
sponses, it is difficult to disentangle the effector pathways
involved in lesion formation and ultimately tissue destruc-
tion. Cree (323) suggested that all we know about the molec-
ular basis for the induction of this NMO disease model is
that while the eosinophilic component is controlled by non-
MHC genes, the intensity and pathogenicity of the antigen-
specific autoimmune response is determined by multiple
genes within the MHC. Cree further queried whether the
susceptibility to NMO in humans is determined by a similar
interplay between ‘‘background’’ and MHC loci. Just why
the immune system in NMO selectively attacks the optic
tract and spinal cord while sparing the brain remains specula-
tive. Because these regions of the CNS are not thought to
possess a different repertoire of glial cells or myelin proteins,
the selective attack may be the result of differences in the
structure/stability of the blood–brain barrier or subtle re-
gional differences in the ability of the CNS to process and
present antigen to T cells (323,360,363).

Clinical Manifestations

The primary features of NMO are visual loss caused by
damage to the anterior visual sensory pathways and paraple-
gia caused by damage to the spinal cord. Other visual and
neurologic manifestations are much less common.

Prodrome

Approximately one third of NMO patients develop a mild
febrile illness several days or weeks before the onset of
visual or neurologic manifestations of the disease (323,
336,364). Typical manifestations of this prodrome include
sore throat, headache, and fever (365–367). In rare cases,
there is a clear history of an antecedent viral illness, such as
mumps (368), varicella (369), or infectious mononucleosis
(370). The patient reported by Ko et al. (366) had high titers
of antibodies against Epstein-Barr virus in her serum. A pa-
tient reported by Kline et al. (371) developed typical neuro-
myelitis optica 11 days after receiving a vaccination with
attenuated live rubella virus.

In children, NMO is frequently preceded by infection
(72%); these cases typically have a monophasic course and
many have a complete recovery (336). Speculation exists
regarding whether pediatric NMO should be considered a

variant of acute disseminating encephalomyelitis due to the
association with preceding infection, monophasic course,
and generally good outcome in children (336,372).

Loss of Vision

Visual loss in patients with neuromyelitis optica almost
always is bilateral (323,330,331,336), although unilateral
cases have been reported (323,336,349). One eye usually is
affected first, but the second eye typically is affected within
hours, days, or rarely weeks after onset (364). The loss of
vision is typically rapid and usually severe. It is not uncom-
mon for complete blindness to develop. The rapid, bilateral
loss of vision that occurs in patients with NMO is in sharp
contrast to the loss of vision in optic neuritis, which tends
to be unilateral and not as severe, and to the loss of vision
in Leber’s hereditary optic neuropathy, which tends to be
more slowly progressive. Pain in or about the eye precedes
the loss of vision in a few cases, again distinguishing the
condition from optic neuritis, in which pain is an almost
universal feature (discussed previously). It is not currently
possible to predict whether a patient presenting with optic
neuritis or myelitis will develop NMO. However, the abrupt
onset of a severe bilateral optic neuritis alerts one to the
possible development of subsequent myelitis.

Since the foci of demyelination that affect the optic nerves
are irregular and occur in a variety of different locations,
the visual field defects that occur are similarly variable. In
many instances, vision is so poor when the patient is first
examined that it is impossible to plot the field defect. Never-
theless, central scotomas seem to be the most common defect
observed, with some patients developing concentric contrac-
tion of one or both fields.

The ophthalmoscopic appearance of the optic discs varies
considerably in patients with NMO. Most patients have mild
swelling of both optic discs (330,336,365). Some patients,
however, have substantial disc swelling that may be associ-
ated with dilation of retinal veins and extensive peripapillary
exudates, and others have normal-appearing optic discs.
With time, many patients develop pallor of the discs regard-
less of their initial appearance (Fig. 6.16). In some of these
cases, there is slight narrowing of retinal vessels.

Some recovery of vision usually occurs in patients with
NMO (323,331,332). Walsh stated that he had observed only
one case of total permanent blindness among 12–15 cases
(373), and Jeffery and Buncic (336) reported return of visual
acuity to 20/20 in all 17 affected eyes of nine patients whom
they studied. Visual acuity usually begins to improve within
1 week after visual symptoms begin, with maximum im-
provement occurring within several weeks to months. The
peripheral fields usually begin to recover before there is no-
ticeable improvement in the central-field defects. Neverthe-
less, some patients have severe and permanent visual loss
in both eyes. Khan et al. (367), for example, reported the
case of a 27-year-old pregnant woman who developed bilat-
eral optic neuritis first in the right eye and 2 months later
in the left eye. The visual function remained stable over the
next several months. The patient then developed an acute
transverse myelitis. On examination, she had no light percep-
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Figure 6.16. Ophthalmoscopic appearance in neuromyelitis optica (Devic’s disease). The patient was a 13-year-old girl who
developed transverse myelitis, followed several months later by bilateral visual loss. Visual acuity decreased to 20/400 OD
and hand motions at 2 feet OS over 72 hours. The pupils were sluggishly reactive to light, and both optic discs appeared
normal. The patient was treated with intravenous corticosteroids and gradually recovered both neurologic and visual function.
Visual acuity eventually stabilized at 20/40 OD and 20/70 OS associated with small cecocentral scotomas. The ophthalmoscopic
appearance of the right and left ocular fundi, A and B respectively, shows symmetric pallor of the optic discs associated with
atrophy of the retinal nerve fiber layer, especially in the papillomacular bundles.

tion in the right eye and only bare light perception in the
left eye. There was no improvement in visual acuity over
the subsequent 3 months.

There is some controversy about the relationship of visual
loss to the onset of paraplegia. Most authors have reported
that loss of vision precedes the onset of paraplegia in most
cases (374); however, others have found that paraplegia usu-
ally precedes loss of vision (375). A similar controversy
relates to whether one can diagnose NMO in a patient with
bilateral severe optic neuritis without clinical evidence of
spinal cord dysfunction. Although we agree that spinal cord
damage in such cases could be minimal and subclinical, we
would be averse to diagnosing ‘‘neuromyelitis optica sine
myelitis’’ unless other studies such as MR imaging showed
clear evidence of demyelinating lesions of the spinal cord.

Paraplegia

Paraparesis, which rapidly progresses to paraplegia, may
precede or follow the loss of vision in patients with NMO
(330). As noted above, the experience of some authors is
that the visual loss occurs first (373,374), whereas that of
other authors is that paraplegia occurs initially (375) and
may be mistakenly assumed to be caused by an infarct or
tumor of the spinal cord (376) until appropriate neuroimag-
ing studies are performed. Regardless of which manifesta-
tion develops first, the interval between manifestations may
be days, weeks, or months (349). In some cases, the blind-
ness and paraplegia occur simultaneously. Hershewe et al.
(332) suggested that a diagnosis of NMO should not be made
unless the interval between the onset of visual loss and para-
plegia is 2 months or less.

The onset of paraplegia, like that of visual loss, usually
is sudden and severe, and it may be associated with a mild
fever. Some patients develop an ascending paralysis that
simulates the Guillain-Barré syndrome; however, the pres-
ence of associated sensory symptoms should be sufficient to
eliminate Guillain-Barré syndrome from consideration (see
Chapter 61). The paraplegia of NMO varies in different
cases. Paraplegia in flexion, paraplegia in extension, and
paraplegia with loss of all deep tendon (muscle stretch) re-
flexes may occur. There may be severe root pains, and uri-
nary retention may be present or develop shortly after the
onset of motor weakness. Ascending paralysis may paralyze
respiration and cause death at an early stage of the disease.
Most patients with NMO recover to some extent but have
some residual paraparesis, and some have persistent and
complete paralysis. The subsequent recovery of neurologic
function, particularly in children suspected of having De-
vic’s syndrome, should alert the clinician regarding the diag-
nosis of possible acute disseminated encephalomyelitis.

Laboratory Studies and Neuroimaging

During the active stage of NMO, the CSF usually shows
evidence of an inflammatory process. There often is a mild
lymphocytic pleocytosis (323,332,338,364,366,378), al-
though Walsh (351) reported a case in which there were
1,000 white blood cells/mm3. The concentration of protein
in the CSF may be increased, but intrathecal synthesis of
IgG is not increased, and oligoclonal bands are rarely de-
tected (378). The glucose concentration in the CSF invari-
ably is normal. Rare cases have been recorded in which there
has been evidence of increased intracranial pressure (379).
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Chou et al. (380) reported a patient with NMO whose CSF
contained antibody to glial fibrillary acidic protein (GFAP).
The patient’s serum did not contain this antibody, and it was
therefore postulated by these authors that the antibody was
being synthesized in the CNS.

Neuroimaging rarely shows intracranial lesions in patients
with NMO (323). The spinal cord, however, may show
changes consistent with demyelination (323,332,338,349,
381), typically with areas of increased signal intensity span-
ning several sections of the spinal cord on T2-weighted im-
ages and with gadolinium enhancement (382). Cord swell-
ing, in our experience, has been significant enough to be
mistaken for an intrinsic cord tumor. Orbital MR imaging
may demonstrate enlarged optic nerves with abnormal signal
(Fig. 6.17) (381).

Recent interest has centered on serologic markers with
myelin-specific antigens, which might identify patients with
NMO. Weinshenker (383) analyzed sera from 101 patients
with potential NMO on clinical grounds. The detection rate
of NMO-IgG was 26/48 (54.2%) for patients with definite or
probable NMO (using the most stringent clinical diagnostic
criteria that require longitudinally extensive cord lesions),
13/33 (39.4%) for high-risk patients, and 0/20 (0%) for those
with MS. Three high-risk patients seropositive for NMO-

Figure 6.17. Neuroimaging in neuromyelitis optica (Devic’s disease). The patient was a 39-year-old man who developed
loss of vision in the left eye 4 days after developing paraparesis. A, Unenhanced proton density-weighted coronal MR image
performed several hours after the onset of visual symptoms shows enlargement of the left optic nerve. B, Unenhanced proton
density-weighted coronal MR image at a slightly different setting shows marked hyperintensity of the left optic nerve. (From
Barkhof F, Scheltens P, Valk J, et al. Serial quantitative MR assessment of optic neuritis in a case of neuromyelitis optica,
using Gadolinium-‘‘enhanced’’ STIR imaging. Neuroradiology 1991;33�70–71.)

IgG had recurrent, longitudinally extensive myelitis and sub-
sequently developed clinically definite NMO. It was their
feeling that the autoantibody NMO-IgG represents a poten-
tial biologic marker of NMO, and the presence or absence
of this marker might help distinguish clinically defined
NMO from typical MS. Their finding that seropositive high-
risk patients later developed clinically definite NMO was
quite striking. When positive, this autoantibody might allow
early diagnosis and initiation of treatment in cases of definite
NMO and in patients at high risk to convert to NMO. These
findings may extend the spectrum of NMO to include some
patients with recurrent optic neuritis or longitudinally exten-
sive transverse myelitis.

Lennon (384) looked at sera from patients with definite
NMO (48), MS (20), and numerous control disorders, in-
cluding paraneoplastic vision loss (16), Sjögren’s syndrome
(10), vasculitides (10), and myasthenia gravis (10). The
assay was indirect immunofluorescence with a standard
composite substrate of mouse brain, gut, and kidney; sera
were preabsorbed with liver extract. IgG in 26 (54%) of
48 patients with NMO yielded a distinctive staining pattern
(NMO-IgG) associated with capillaries throughout the cere-
bellar cortex and midbrain, and with pia and a subpial mesh
(prominent in midbrain). The capillary pattern was not seen
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in gut mucosa, kidney, or liver, and NMO-IgG was not noted
in any other study group, but it was identified incidentally
in seven patients among thousands whose sera were submit-
ted to Mayo Clinics Neuroimmunology Laboratory for para-
neoplastic Ab service testing. Their histories revealed that
one had definite NMO, three were at high risk for NMO
(i.e., compatible findings but not fulfilling stringent criteria
for definite NMO classification), one had new-onset myelop-
athy, one had unclassified steroid-responsive CNS inflam-
matory disorder, and one had gastroesophageal cancer and
akathisia.

Lennon et al. (384) believed that the novel autoantibody
NMO-IgG appears to bind selectively to an element associ-
ated with CNS capillaries, pia, and subpia. They felt that it
held promise as a tool for serologic diagnosis of NMO at
an early stage and for advancing the classification and ther-
apy of related disorders. Given the above discussions, this
autoantibody merits investigation as a candidate effector of
NMO, which recent immunohistochemical studies suggest
has a humoral and complement-mediated basis targeting
CNS perivascular regions.

Genetics

Kuroiwa et al. (385) found several patterns that distin-
guish MS in Asia from MS in Western countries. Visual
impairment, often accompanied by other manifestations of
NMO, was more frequently seen in Asian populations. Shi-
basaki et al. (386) found that visual loss at the onset of
neurologic symptoms and severe visual deficits were more
frequent in Japanese patients. These clinical differences be-
tween Eastern and Western cases of MS have led to a hypoth-
esis that clinical phenotypes of Asian-type MS may be due
to immunogenetic variation. Kira et al. (137) studied the
HLA locus in a series of Japanese patients with MS and
found that, unlike in Western MS, the DR2-associated
DRB1*1501 and DRB5*0101 alleles were not associated
with NMO; rather, DPA1*0202 and DPB1*0501 alleles
were associated with the NMO phenotype in Japanese pa-
tients but not with healthy control subjects or Japanese pa-
tients with typical MS (387). The HLA alleles with the
strongest association with Western-type MS in Japanese pa-
tients were found to be DRB1*1501 and DRP1*0301 (323).

Of interest, the clinical course of MS in Japan may be
changing: fewer patients present with Asian-type (opticos-
pinal) MS and relatively more present with Western-type
MS (388). This may, however, be due to an increased aware-
ness of Asian cultures to the more subtle forms of Western-
type MS.

Diagnosis

It may be impossible to differentiate between NMO and
MS on clinical grounds alone, and some authors believe, as
noted above, that they are simply variants of the same disease
(323,329,337,354–356,573). Indeed, review of the literature
suggests that some cases diagnosed as NMO are, in fact,
MS (323,389). Nevertheless, not only are there important
pathologic differences and differences in the CSF findings
between the two diseases (discussed previously), but also
there are important clinical differences between these two

disorders. First, NMO is not uncommon in the first decade
of life, whereas MS rarely occurs in patients under 10 years
of age. Second, the occurrence of bilateral optic neuritis as-
sociated with myelitis is rarely recorded in cases of patholog-
ically proven MS. Third, bilateral blindness is extremely
unusual in MS but is the rule in NMO. Also, and as reviewed
above, the neurogenetic, serologic, and neuroimaging find-
ings specific to NMO will likely allow better determination
of this condition in the future as these modalities of testing
become more widely available.

Treatment

There is no specific treatment for NMO, although as noted
above one should consider the implications of the immuno-
pathophysiology in rendering early and perhaps selective
treatment based on considerations of the uniqueness of this
disease process. Supportive care is crucial to ensure survival
in patients with severe myelitis. The use of intravenous corti-
costeroids may lessen the severity of the attack and increase
the speed of recovery of both visual and motor function
(323,332,366). Frohman et al. (390) reported the case of a
15-year-old boy who developed typical NMO when he was
12 years old. His vision recovered, but he experienced recur-
rent attacks of bilateral, simultaneous optic neuritis over the
next 3 years and became steroid dependent. Administration
of IVIg allowed discontinuation of steroids without further
ophthalmologic or neurologic deterioration or recurrent dis-
ease.

Despite our limitations in understanding the genetics, im-
munology, and cellular biology of NMO, the findings of
Lucchinetti et al. are of substantial therapeutic importance
(362). As noted above, NMO is associated with clearly de-
fined MR and CSF abnormalities that should allow us to
identify these patients rapidly. With the recent knowledge
that humoral effector mechanisms have a central role in
NMO, acute therapeutic interventions may focus on inter-
rupting antibody/complement-dependent effector mecha-
nisms. This could include plasmapheresis in cases where
glucocorticosteroids are ineffective (391), IVIg, or comple-
ment inhibitors such as soluble CR-1. Long-term immuno-
therapy of NMO may be more problematic as drugs such as
glatiramer acetate have the potential to augment Th-2-type
responses (392). In patients with NMO, it may be worthwhile
to consider treatment with highly active immunosuppres-
sants such as mitoxantrone early in disease, reducing the
immunotherapeutic regimen as soon as the patient has
achieved stabilization or remission.

Prognosis

The mortality rate in patients with NMO was reported in
the past to be as high as 50% (374,393); however, improve-
ments in supportive care have greatly reduced this rate, and
we would estimate that death occurs in less than 10% of
cases (323,364).

As noted above, most patients experience some degree of
recovery of both visual and motor function (323,332,364,
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366). The recovery is rarely complete but may be substantial,
particularly as regards vision (333). Visual recovery usually
occurs within several weeks to months after the onset of
visual loss; however, Walsh and Hoyt (377) evaluated a pa-
tient whose visual acuity decreased to 20/400 OU and re-
mained at this level for 2 years. Four years later, vision in
the right eye was still 20/400, but vision in the left eye had
improved to 20/30. We wonder if this was a true case of
NMO or perhaps could have been a case of Leber’s optic
neuropathy with other neurologic manifestations and late
recovery, as has been reported in patients with the some
of the mitochondrial mutations (394). Some patients who
experience an attack of NMO, however, never recover visual
function and are left with severe bilateral visual loss.

NMO tends to occur as a single episode without recur-
rences, unlike MS. Nevertheless, occasional recurrences of
both visual loss and paraplegia, both separate and simultane-
ous, have been documented (323,330,364,390).

OPTIC NEURITIS IN MYELINOCLASTIC DIFFUSE
SCLEROSIS (ENCEPHALITIS PERIAXIALIS

DIFFUSA, SCHILDER’S DISEASE)

In 1912, Schilder reported the case of a 12-year-old girl
who experienced rapidly progressive mental deterioration
associated with signs of increased intracranial pressure and
death within 19 weeks. Postmortem examination disclosed
large, well-demarcated areas of demyelination in the white
matter of both cerebral hemispheres and a number of smaller
demyelinating foci that resembled the typical plaques of MS.
There was a prominent inflammatory reaction in both types
of lesions with relative sparing of axon cylinders. Because
of the similarities of the pathologic changes in this case to
those of MS, Schilder called this disease ‘‘encephalitis peri-
axialis diffusa’’ to contrast it with the term ‘‘encephalitis
periaxialis scleroticans’’ that had previously been used by
Marburg (395) to describe a case of acute MS. Unfortu-
nately, Schilder subsequently used the same term for two
other completely different conditions (396,397). One seems
to have been a case of adrenoleukodystrophy and the other
a case of subacute sclerosing panencephalitis (398). These
later reports seriously confused the subject for many years,
and cases of adrenoleukodystrophy are still often called
‘‘Schilder’s disease’’ (399). Nevertheless, if one separates
the hereditary metabolic dystrophies and the various child-
hood disorders of cerebral white matter that have been called
‘‘Schilder’s disease,’’ there remains a characteristic group
of cases that do indeed correspond to Schilder’s original
description (400,401). These latter cases, often referred to
as myelinoclastic diffuse sclerosis, are nonfamilial, do not
follow an obviously viral exanthem, and are not character-
ized pathologically by inclusion bodies or viral particles in
the CNS. Throughout the remainder of this section, we will
call this condition ‘‘myelinoclastic diffuse sclerosis.’’

The characteristic lesion in patients with myelinoclastic
diffuse sclerosis is a large, sharply outlined, asymmetric
focus of demyelination with severe, selective myelinoclasia
that often affects an entire lobe or cerebral hemisphere

(350,402–406). There is typically extension across the cor-
pus callosum and damage to the opposite hemisphere. Both
hemispheres are symmetrically affected in some cases. Care-
ful examination of the optic nerves, brain stem, cerebellum,
and spinal cord often discloses typical discrete lesions con-
sistent with MS, and histopathologic examination of both
large and small foci reveals the characteristic features remi-
niscent of MS, including fibrillary gliosis with formation of
giant multinucleated or swollen astrocytes and perivascular
cuffing with inflammatory infiltrates containing plasma
cells. The axons themselves may show little damage.

Both the clinical and histopathologic features of myelino-
clastic diffuse sclerosis disease suggest that it is closely re-
lated to MS and probably is a variant of it, as Schilder origi-
nally proposed (407). The occurrence of myelinoclastic dif-
fuse sclerosis in a patient who also had neuromyelitis optica
(Devic’s disease; discussed previously) lends credence to
this philosophy (347).

Myelinoclastic diffuse sclerosis occurs most often in chil-
dren and young adults (400,402,405,408,409,651), but it oc-
casionally occurs in older persons (404,410). It is character-
ized by a progressive course that may be steady and
unremitting or punctuated by a series of episodes of rapid
worsening (398).

A change in personality may be the first evidence of the
disease. Irritability, peevishness, unprovoked laughter or
crying, and general apathy may also be present. Cortical
blindness may also be an early feature of the disease, particu-
larly in adults. Central deafness may also occur. Other mani-
festations include dementia, homonymous visual field de-
fects, varying degrees of hemiparesis or quadriparesis often
culminating in plegia, and pseudobulbar palsy. The brain
stem and cerebellum are affected in some cases, and in such
cases, nystagmus, intention tremor, scanning speech, and
spastic paraplegia of spinal origin may develop.

The ocular symptoms that develop in patients with my-
elinoclastic diffuse sclerosis depend on the location of the
lesions. As noted above, they may occur early in the course
of the disease or later. Berliner (66) reviewed 35 cases of
this disorder and found evidence of visual loss in 21 (60%).
In 16 of the 21 cases (75%), visual loss occurred late in the
disease.

Most patients who develop visual loss in this condition
do so from damage to the postchiasmal visual pathways,
producing homonymous hemianopic or quadrantic visual
field defects or cortical blindness (402,411). Occasional pa-
tients develop demyelination in the optic chiasm, producing
bitemporal field defects. Other causes of visual difficulties
in patients with myelinoclastic diffuse sclerosis include pap-
illedema (412,413), damage to association areas of the cere-
bral cortex, and optic neuritis.

The frequency with which optic neuritis occurs in patients
with myelinoclastic diffuse sclerosis is unclear, but it seems
to be less frequent than in patients with MS. Berliner (66)
was able to document only two cases, although Ford (413)
remarked that he had observed examples of both anterior
and retrobulbar optic neuritis in the condition. Such patients
invariably develop optic atrophy if they survive long enough.
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Nover (414) described a case of myelinoclastic diffuse scle-
rosis in which the ophthalmoscopic appearance of the fundus
resembled retinitis punctata albescens. Accumulations of ab-
normal material were present on the inner aspect of the inter-
nal limiting membrane. It is unclear to us whether this was
a true case of encephalitis periaxialis diffusa and whether
the retinal findings were truly related to the underlying neu-
rologic disease.

The CSF may show changes similar to those seen in typi-
cal MS (discussed previously). The intracranial pressure usu-
ally is normal, but in some patients the CSF is under in-
creased pressure. The protein content of the CSF is usually
slightly increased, and there may be a mild lymphocytic
pleocytosis. The IgG content is often increased, as is the
CSF IgG index (411). Oligoclonal bands may be present,
and MBP is not only present but also extremely elevated
(411). Neuroimaging studies show large, multifocal areas of
extensive demyelination (404,405,409,415–419). In some
cases, these lesions are similar in appearance to tumors or
abscesses (411,417–419).

The diagnosis of myelinoclastic diffuse sclerosis may be
suspected when a child or young adult develops evidence
of a subacute or chronic progressive neurologic disease with
neuroimaging and laboratory evidence of focal hemispheric
demyelinating disease but without adrenal dysfunction or
abnormal long chain fatty-acid components of serum choles-
terol esters (409). Most patients do not have evidence of
peripheral nerve damage; however, Szabo and Hegedus
(420) described a case of otherwise typical myelinoclastic
diffuse sclerosis in which there was evidence of a mild pe-
ripheral neuropathy. The diagnosis may be confirmed by
brain biopsy (402,404,405,410,411,417,419).

Most patients with myelinoclastic diffuse sclerosis follow
a progressive unremitting course that ends in death within
a few months or years. A few cases have been reported
in which there was temporary or permanent spontaneous
improvement (413,418), and rare patients have been reported
to survive for a decade or longer (420). Some patients have
improved after being treated with systemic corticosteroids
administered orally or intravenously (404,405,409,411,421).
The patient reported by Lana-Peixoto and dos Santos experi-
enced improvement in vision from hand motions in each eye
to 20/20. Konkol et al. (422) reported improvement in an 8-
year-old boy after intravenous administration of ACTH and
cyclophosphamide. Patients who improve clinically gener-
ally show disappearance or shrinkage of the lesions seen on
neuroimaging studies.

ENCEPHALITIS PERIAXIALIS CONCENTRICA
(CONCENTRIC SCLEROSIS OF BALÓ)

Encephalitis periaxialis concentrica was first described by
Marburg (395) in 1906 and later by Baló (423,424) in 1927
and 1928. Since then, more than 40 case reports have ap-
peared in the literature (425–429). The disease clinically
resembles myelinoclastic diffuse sclerosis but differs from
it pathologically.

Encephalitis periaxialis concentrica usually is character-
ized clinically by a relatively rapid course during which pa-
tients develop a variety of neurologic symptoms and signs
separated in both space and time, including visual loss and
diplopia. As in encephalitis periaxialis diffusa, the visual
loss that occurs in most patients with encephalitis periaxialis
concentrica is usually caused by damage to postgeniculate
visual pathways and is characterized by homonymous field
defects or cortical blindness; however, a patient reported by
Currie et al. (430), who initially had a left homonymous
hemianopsia, eventually developed complete blindness asso-
ciated with pupils that were nonreactive to light and optic
discs that were markedly pale.

The pathologic changes in the disease described by Baló
consist of alternating bands of demyelination and preserved
myelin in a series of concentric rings in the cerebral white
matter (348,350,406,424,430,431). The occurrence of le-
sions in this pattern has suggested to some investigators that
there is centrifugal diffusion of some factor that is damaging
to myelin (427); however, Moore et al. (429) performed a
complete histologic and ultrastructural examination of neu-
ral tissue obtained from a 54-year-old woman with the dis-
ease and concluded that the predominant feature of the bands
of myelin is remyelination. These authors suggest that the
lesion originates as a small focus of acute demyelination
around a perivascular inflammatory cuff and that the concen-
tric bands are actually alternating areas of demyelination and
remyelination. The remyelination occurs at the outer rim
of the initial demyelinated area. Further demyelination then
occurs external to the area of remyelination, and remyelina-
tion then occurs along the outer rim of this second area of
demyelination. In this way, successive concentric rings of
demyelination and remyelination are produced. The findings
of Moore et al. (429) have not been corroborated by other
investigators (431). Some patients with otherwise typical en-
cephalitis periaxialis concentrica have not only pathologic
changes consistent with the disease but also lesions typical
of acute MS (429,431), suggesting that the former disease
may actually be a variant of the latter.

Neuroimaging studies initially may be normal in patients
with encephalitis periaxialis concentrica; however, eventu-
ally both CT scanning and MR imaging show multiple le-
sions consistent with demyelination (432,433). Similarly,
analysis of the CSF at an early stage of the disease may
reveal normal findings, but later analysis may show mild to
moderate pleocytosis, increased protein, an increased IgG
index, and multiple oligoclonal bands (430). The diagnosis
can be made with certainty only by a stereotactic biopsy of
affected brain (432,433).

Without treatment, encephalitis periaxialis concentrica
usually progresses inexorably and is invariably fatal within
a few weeks to a year. Treatment with systemic corticoste-
roids, however, may result in both immediate and long-term
improvement in neurologic symptoms and signs. Early diag-
nosis thus is extremely important, and stereotactic biopsy
seems to be an acceptable method of achieving this goal
(432,433).
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CAUSES OF OPTIC NEURITIS OTHER THAN PRIMARY DEMYELINATION

In a few cases, a primary demyelinating process in the
optic nerve or the CNS is not the cause of unilateral or
bilateral anterior or retrobulbar optic neuritis. Instead, the
condition develops in the setting of, or as the presenting
manifestation of, an underlying systemic infection.

OPTIC NEURITIS FROM VIRAL AND BACTERIAL
DISEASES

Parainfectious optic neuritis typically follows the onset of
a viral or, less often, a bacterial infection by 1 to 3 weeks
(37,434,435). It is more common in children than in adults
and is thought to occur on an immunologic basis, producing
demyelination of the optic nerve. The optic neuritis may be
unilateral, but it is often bilateral. The optic discs may appear
normal or swollen. Swelling of the peripapillary retina may
be observed in patients with anterior optic neuritis. If a star
figure composed of lipid exudates develops in the macula
of the affected eye, the condition is called ‘‘neuroretinitis’’
(discussed later). If there is evidence of optic disc swelling
but no evidence of optic nerve dysfunction, and the intracra-
nial pressure is normal, the inflammation is assumed to be
affecting the periphery of the nerve and is called ‘‘perioptic
neuritis’’ or ‘‘optic perineuritis’’ (discussed later).

Parainfectious optic neuritis, whether viral or bacterial,
may occur in patients with no evidence of neurologic dys-
function or in association with a meningitis, meningoenceph-
alitis, or encephalomyelitis. When neurologic manifestations
are present, patients have typical abnormalities in the CSF.
Patients with encephalitis usually have disturbances on elec-
troencephalography and also may have changes in the brain
seen by neuroimaging, whereas patients with encephalomy-
elitis may show such changes in both the brain and the spinal
cord.

Visual recovery following parainfectious optic neuritis is
usually excellent without treatment. Whether corticosteroids
hasten recovery in patients with postviral optic neuritis is
unknown, but this treatment is reasonable to consider, partic-
ularly if visual loss is bilateral and severe.

Optic neuritis may occur in association with infections by
a large number of both DNA and RNA viruses, including
adenovirus (436,437), Coxsackie virus (438,439), cytomega-
lovirus (440), hepatitis A (441), hepatitis B (442,443),
human herpesvirus type 4 (Epstein-Barr virus) (444–448),
human immunodeficiency virus (HIV) type 1 (449,450),
measles (451–455), mumps (456–458), rubeola, rubella
(459), and varicella zoster (in chicken pox [460,461] and in
herpes zoster [462,463]). The neuro-ophthalmologic signifi-
cance of these and other viruses is discussed in detail in
Chapters 57 and 58.

Bacterial infections can produce optic neuritis. Some bac-
terial infections in which anterior or retrobulbar optic neuri-
tis may occur include anthrax (464), �-hemolytic streptococ-
cal infection (465), brucellosis (466,467), cat scratch disease
(39,468,469,470), meningococcal infection (471), pertussis
(472), tuberculosis (473–477), typhoid fever (478,479), and
Whipple’s disease (480). The neuro-ophthalmologic signifi-

cance of these and other bacteria is discussed in detail in
Chapter 49.

OPTIC NEURITIS AFTER VACCINATION

Although there is extensive anecdotal evidence of optic
neuritis occurring following vaccinations, the actual evi-
dence of a demyelinating event following vaccination is lim-
ited. In this section we first review the anecdotal information
regarding optic neuritis and vaccinations; we then will ex-
plore the evidence-based medicine surrounding the relation-
ship of vaccinations to demyelinating events in general.

Optic neuritis has been reported to occur after vaccina-
tions against both bacterial and virus infections (38). Most
cases are bilateral, and both anterior and retrobulbar forms
of optic neuritis may occur. Optic neuritis may develop after
vaccinations with bacillus Calmette Guérin (BCG) (481),
hepatitis B virus (482,483), rabies virus (484–486), tetanus
toxoid (487), and variola virus (488). The use of a combined
smallpox, tetanus, and diphtheria vaccine was associated
with a bilateral anterior optic neuritis in a 7-year-old child
who eventually recovered completely (489), and a similar
case was reported in association with combined measles,
mumps, and rubella vaccination (490). Influenza vaccine is
commonly associated with the development of optic neuritis.
Perry et al. (491) reported a patient with bilateral anterior
optic neuritis that occurred 6 days following vaccination
with bivalent influenza vaccine. Ray and Dreizen (492) de-
scribed a similar case. Cangemi and Bergen (493) reported
a previously healthy man who developed a unilateral optic
neuritis with disc swelling, 3 weeks after inoculation with
200 units of A-New Jersey swine influenza and 200 units
of A-Victoria influenza whole-virus vaccine. Although most
cases of postvaccination optic neuritis appear to be of the
anterior variety, unilateral retrobulbar neuritis has been re-
ported 3 weeks following a swine influenza vaccination
(494).

Despite the previous anecdotal reports, the evidence-
based medicine that vaccination may precipitate the onset
of MS or lead to relapses is simply not present. Confavreux
et al. (495) conducted a case-crossover study to assess
whether vaccinations increase the risk of relapse in MS. The
subjects included 643 patients included in the European Da-
tabase for Multiple Sclerosis who had a relapse between
1993 and 1997. The index relapse was the first relapse con-
firmed by a visit to a neurologist and preceded by a relapse-
free period of at least 12 months. Information on vaccina-
tions was obtained in a standardized telephone interview and
confirmed by medical records. Exposure to vaccination in
the 2-month risk period immediately preceding the relapse
was compared with that in the four previous 2-month control
periods for the calculation of relative risks, which were esti-
mated with the use of conditional logistic regression. Of
these patients with relapses of MS, 15% reported having
been vaccinated during the preceding 12 months. The reports
of 94% of these vaccinations were confirmed. Of all the
patients, 2.3% had been vaccinated during the preceding 2-
month risk period, compared with 2.8–4.0% who were vac-
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cinated during one or more of the four control periods. The
relative risk of relapse associated with exposure to any vacci-
nation during the previous 2 months was 0.71 (95% CI,
0.40–1.26). There was no increase in the specific risk of
relapse associated with tetanus, hepatitis B, or influenza vac-
cination (range of relative risks, 0.22–1.08). Analyses based
on risk periods of 1 and 3 months yielded similar results.
These authors concluded that vaccination does not appear
to increase the short-term risk of relapse in MS.

To further evaluate the association between vaccination
and onset of MS or optic neuritis, DeStefano et al. (496)
looked at a case-control study involving cases of MS or
optic neuritis among adults 18–49 years of age. Data on
vaccinations and other risk factors were obtained from com-
puterized and paper medical records and from telephone in-
terviews in three health maintenance organizations. Four
hundred forty case subjects and 950 control subjects matched
on health maintenance organization, sex, and date of birth
were assessed. They noted the onset of first symptoms of
demyelinating disease at any time after vaccination and dur-
ing specified intervals after vaccination (less than year, 1–5
years, and more than 5 years). Cases and controls had similar
vaccination histories. The odds ratios (95% CI), adjusted for
potential confounding variables, of the associations between
ever having been vaccinated and risk of demyelinating dis-
ease (MS and optic neuritis combined) were 0.9 (0.6–1.5)
for hepatitis B vaccine; 0.6 (0.4–0.8) for tetanus vaccination;
0.8 (0.6–1.2) for influenza vaccine; 0.8 (0.5–1.5) for mea-
sles, mumps, rubella vaccine; 0.9 (0.5–1.4) for measles vac-
cine; and 0.7 (0.4–1.0) for rubella vaccine. The results were
similar when MS and optic neuritis were analyzed sepa-
rately. There was no increased risk according to timing of
vaccination. It was the conclusion in this case-control study
that vaccination against hepatitis B, influenza, tetanus, mea-
sles, or rubella is not associated with an increased risk of
MS or optic neuritis.

It would appear that there are two primary issues regarding
the relationship between vaccinations and MS: Does the vac-
cination precipitate the first attack of MS? Does it increase
the short- or long-term risk in patients with known disease?
It would appear from the preceding studies that vaccinations
do not precipitate the seminal event in MS. The second ques-
tion is more difficult to answer. Acute disseminated encepha-
lomyelitis (ADEM), a monophasic and multifocal illness of
the white and gray matter, has been observed following var-
ious viral or bacterial infections as well as vaccine injections
for diseases such as pertussis, tetanus, and yellow fever. The
similarities between ADEM and EAE are suggestive of an
immunologic process. In addition to the dramatic presenta-
tion of ADEM, more limited white matter involvement, such
as optic neuritis or myelitis, has been reported following
vaccine injections and has occasionally been counted as the
first attack of MS. In France, 25 million inhabitants, almost
half of the population, were vaccinated against hepatitis B
(HB) between 1991 and 1999 (497). Several hundred cases
of an acute central demyelinating event following HB vacci-
nation were reported to the pharmacovigilance unit, leading
to a modification of vaccination policy in the schools and the
initiation of several studies designed to examine the possible

relationship between the vaccine and the central demyelinat-
ing events. The results of these studies failed to establish
the causality of the HB vaccine. Nevertheless, molecular
mimicry between HB antigen(s) and one or more myelin
proteins, or a nonspecific activation of autoreactive lympho-
cytes, could constitute possible pathogenetic mechanisms for
these adverse neurologic events.

Although demyelinating events might in fact be precipi-
tated by vaccinations, the chance of this occurring is low,
and the risk to the patient with MS is minimal compared
with the potential risk to the MS patient of disease state
worsening due to an infectious disease.

OPTIC NEURITIS IN SARCOIDOSIS

Granulomatous inflammation of the optic nerve may
occur in sarcoidosis, producing a typical anterior or retrobul-
bar optic neuritis (498–502). In some cases, the optic neuritis
occurs during the disease; in others, it is the presenting mani-
festation. Clinical findings may be indistinguishable from
those of demyelinating optic neuritis. However, the optic
disc may have a characteristic lumpy, white appearance,
which suggests a granulomatous etiology, and there may be
an inflammatory reaction in the vitreous. Pain, common in
a demyelinating optic neuritis, is often absent in the optic
neuropathy of sarcoidosis.

Unlike primary demyelinating optic neuritis, which does
not respond dramatically to systemic corticosteroids (dis-
cussed previously), the optic neuritis associated with sar-
coidosis is usually extremely sensitive to steroids. In most
cases, recovery of vision is rapid after treatment is instituted,
although vision may decline again once steroids are tapered
or stopped. Indeed, it must be emphasized that rapid recovery
of vision with corticosteroid treatment and subsequent wors-
ening when the steroids are tapered is atypical for demyelin-
ating optic neuritis and suggests an infiltrative or nondemye-
linating inflammatory process, such as sarcoidosis.

Patients with possible sarcoid optic neuritis should
undergo an evaluation that includes a careful history and
physical examination, a chest radiograph, serum chemistries,
an assay for angiotensin converting enzyme (ACE) in the
serum and CSF, a gallium scan, and in some cases broncho-
scopic lavage or biopsy of skin, conjunctiva, lung, liver, or
other organs looking for noncaseating granulomas. Sarcoid-
osis and related conditions are discussed in detail in Chapter
59.

SYPHILIS

Optic neuritis from syphilis is not rare (503–505), but it
is particularly common in patients also infected with HIV
(506–509) (see Chapters 56 and 58). The optic neuritis of
syphilis can be unilateral or bilateral and anterior or retrobul-
bar. When the condition is anterior, there is usually some
cellular reaction in the vitreous, which serves to distinguish
it (and other systemic inflammatory diseases that cause ante-
rior optic neuritis) from demyelinating optic neuritis, in
which the vitreous usually is clear (discussed previously).

The diagnosis of syphilis is established using a variety
of serologic and CSF assays. Treatment with intravenous
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penicillin produces visual recovery in many cases; however,
the disease may be difficult to cure, particularly in patients
who are HIV positive or who have the acquired immune
deficiency syndrome (AIDS).

Syphilis can cause both neuroretinitis and optic perineuri-
tis (discussed later). Syphilis is discussed in detail in Chapter
56.

OPTIC NEURITIS IN HIV-POSITIVE PATIENTS AND
PATIENTS WITH AIDS

Many infectious agents that do not normally cause optic
neuritis can do so in patients who are immunocompromised
from drugs or disease. Such optic neuritis is particularly
common in patients who are infected with HIV and in pa-
tients with AIDS (510,511).

Optic neuritis, both anterior and retrobulbar, is an occa-
sional finding in HIV-infected patients with cryptococcal
meningitis, cytomegalovirus infection, herpesvirus infec-
tions, syphilis, tuberculous meningitis, and a variety of fun-
gal infections (440,507,510,511–517). Rare patients with
toxoplasmosis may also develop optic neuritis (518,519). In
some cases, such infections cause neuroretinitis, whereas in
others, optic perineuritis occurs.

Some patients with AIDS develop optic neuritis that is
probably caused by infection of the optic nerve by HIV itself
(449). Infection with HIV and AIDS are discussed in detail
in Chapter 58.

OPTIC NEURITIS IN SYSTEMIC LUPUS ERYTHE-
MATOSUS (SLE) AND OTHER VASCULITIDES

Patients with SLE, polyarteritis nodosa, and other vasculi-
tides can experience an attack of what seems clinically to
be typical acute optic neuritis (520). This phenomenon oc-
curs in about 1% of patients with SLE (521–531). In rare
cases, the optic neuropathy is the presenting sign of the dis-
ease. The pathogenesis is not a true infection or inflamma-
tion of the nerve tissue itself but is related to ischemia, which
may produce demyelination alone, axonal necrosis, or a
combination of the two.

The clinical profile of optic neuropathy in SLE and other
vasculitides actually can take several forms in addition to
an acute anterior or retrobulbar optic neuropathy associated
with pain. Patients may present with symptoms and signs
that suggest a retrobulbar or anterior ischemic optic neuropa-
thy, or they may have slowly progressive loss of vision that
suggests a compressive lesion.

The diagnosis of SLE or other vasculitides as a cause of
optic neuropathy is established by identification of systemic
symptoms and signs of the disease as well as by serologic
testing. Treatment with either intravenous or oral corticoste-
roids may be indicated in this condition.

The term ‘‘autoimmune optic neuritis’’ has been sug-
gested for cases of optic neuritis in which there is both sero-
logic evidence of vasculitis, such as a positive ANA, but no
signs of systemic involvement other than the optic neuropa-
thy; and progressive visual loss that tends to be responsive
to treatment with systemic corticosteroids and that is often
steroid dependent (i.e., vision worsens when steroids are

tapered) (531,532,532a). It is interesting that among patients
enrolled in the ONTT, 3% had a positive ANA titer greater
than 1�320 (7). Only one of these patients developed other
evidence of connective tissue disease during the first 2 years
of follow-up. In addition, patients with a positive ANA (re-
gardless of the titer) who were treated with placebo had
the same visual outcome as those treated with intravenous
methylprednisolone (8). SLE and other vasculitides that pro-
duce neuro-ophthalmologic manifestations are discussed in
detail in Chapter 44.

LYME DISEASE

Optic neuritis can occur in patients with Lyme borreliosis
(Lyme disease) (533–536). This disorder is a spirochetal
infection that is transmitted through the bite of an infected
tick. It can produce a multitude of ocular and neurologic
findings, including both anterior and retrobulbar optic neuri-
tis. The diagnosis of Lyme disease is made by serologic
detection of infection or by finding the organism or its nu-
cleic acid in the serum or CSF. Treatment with antibiotics
is usually effective, particularly in the early stages of the
disease. As with other systemic infectious processes that can
cause optic neuritis, Lyme disease can also cause neuroreti-
nitis (discussed later). Lyme disease is discussed in detail
in Chapter 56.

SINUS DISEASE

In the pre-antibiotic era, spread of infection from the para-
nasal sinuses to the optic nerve was not unusual. However,
this is a rare occurrence now, and most cases of sinusitis in
patients with optic neuritis are fortuitous. Nevertheless,
some patients with acute severe sinusitis develop a second-
ary optic neuritis from spread of infection. When the infec-
tion originates from the ethmoid or maxillary sinuses, there
generally are obvious signs of orbital inflammation; how-
ever, spread of infection from the sphenoid sinus to the pos-
terior optic nerve in the apex of the orbit or within the optic
canal can be silent except for the loss of vision. Aspergillosis
and other fungal infections are considerations in this clinical
setting (537,538). Neuroimaging techniques, particularly CT
scanning and MR imaging, generally can be used to diagnose
paranasal sinus disease.

Even when sinus disease is present in the setting of optic
neuritis, one must be wary of attributing the optic neuritis
to this cause. Obviously, those patients with retrobulbar neu-
ritis and supportive sinusitis with signs of orbital inflamma-
tion should be actively treated not only to eradicate the infec-
tion but also for the possible beneficial effects of treatment
on the optic neuritis; however, in our opinion, operative in-
tervention in patients with radiologic evidence of sinus dis-
ease that normally would not call for medical or surgical
therapy is unwarranted.

MISCELLANEOUS CAUSES OF OPTIC NEURITIS

Optic neuritis has been reported to occur rarely in many
conditions other than bacterial or viral infections, including
acute posterior multifocal placoid pigment epitheliopathy
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Figure 6.18. Optic disc swelling in a patient with pars planitis (chronic cyclitis). The patient was initially believed to have
papilledema. A, The left optic disc is hyperemic and slightly swollen. The hazy appearance is due to the presence of vitreous
cells. B, Fluorescein angiogram of the left macula shows cystoid macular edema, characteristic of this disorder. The opposite
eye had a similar ophthalmoscopic appearance.

(504,539), after a bee sting (540–543), Behçet’s disease
(544), birdshot retinochoroidopathy (545), Creutzfeldt-
Jakob disease (546,547), cysticercosis (548), familial Medi-
terranean fever (549), Guillain-Barré syndrome (550–553),
inflammatory bowel disease (554–559), intraocular nema-
tode infection (504,560,561), presumed histoplasmosis
(562,563), Reiter’s syndrome (564,565), toxocariasis
(566), toxoplasmosis associated with or unassociated with
AIDS (567,568), and Mycoplasma pneumoniae infection
(569–572). As is true for optic neuritis associated with bacte-
rial or viral infections, some of these cases are isolated,
whereas others are associated with other evidence of CNS
dysfunction.

Intraocular inflammation alone may cause optic disc
swelling; however, in such cases, visual acuity is usually
not significantly affected from damage to the optic nerve
(504,573–575) (Fig. 6.18). In such patients, visual acuity is
limited only by the degree of vitreous inflammation or by

BILATERAL OPTIC NEURITIS

In adults, bilateral simultaneous acute optic neuritis, par-
ticularly that associated with MS, is uncommon but well
described. Adie (80) found only one case of bilateral optic
neuritis in his series of 70 adult patients, and other authors
(66,580) agreed with him that both simultaneous and early
consecutive cases were exceedingly rare (Fig. 6.19). How-
ever, reports indicate that the incidence of bilateral simul-
taneous acute optic neuritis in patients with MS is 10–75%
(68,82,83,197,581). Morrissey et al. (275) performed a retro-
spective analysis of the causes of bilateral simultaneous
acute optic neuritis in 23 adults and found that 5 of the
patients (22%) had developed clinical evidence of MS. In
many of these series, the time interval between attacks in
the two eyes is not stated. Bradley and Whitty (82) separated

secondary changes that occur in the macula (e.g., cystoid
edema). Perhaps the most common form of disc swelling
that occurs as part of an ocular inflammatory syndrome is
that which occurs after cataract extraction and is associated
with moderately decreased visual acuity and cystoid macular
edema: the Irvine-Gass syndrome (576–578).

As mentioned above, the presence of uveitis and other
symptoms of intraocular inflammation in a patient with acute
anterior optic neuritis should alert the examiner to search
for an associated intraocular or systemic disease.

Hanna and Girgis (579) found a 1.5% prevalence of optic
atrophy in 2,178 patients after meningitis. Although postpap-
illedema optic atrophy accounted for some of these cases,
primary optic atrophy, presumably the result of an associated
optic neuritis, was much more frequent. In this study, optic
atrophy occurred more frequently after tuberculous meningi-
tis than after bacterial meningitis, including meningococcal,
pneumococcal, and purulent meningitis of unknown eti-
ology.

their cases into those that were unilateral (71%), those that
were bilateral and simultaneous (7%), those that were bilat-
eral and nonsimultaneous but occurred within 3 months of
each other (12%), and those that occurred more than 3
months apart (12%). These authors found no significant dif-
ferences in rate and degree of recovery between bilateral
and unilateral cases, regardless of the time interval between
the attacks. The studies of Rischbieth (582) and of Hutchin-
son (83) seem to support this view.

In the ONTT, approximately 48% of patients with in-
volvement of one eye had some other definable visual field
involvement of the contralateral eye, suggesting that optic
neuritis is quite frequently present bilaterally from the onset
(11).
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Figure 6.19. Bilateral anterior optic neuritis. The patient is a 19-year-old girl who suffered bilateral visual loss 2 weeks
following a flulike illness. Both optic discs show moderate swelling without hemorrhages. Visual acuity is 20/400 in the right
eye and 20/300 in the left eye, and there are bilateral central scotomas. Visual acuity returned to normal within 6 weeks, and
disc swelling completely resolved.

In contrast to adults, acute optic neuritis is quite often
bilateral and simultaneous in children. In such cases, it is

OPTIC NEURITIS IN CHILDREN

Optic neuritis in children has several unique characteris-
tics that distinguish it from optic neuritis in adults. First, it
is more often anterior. Second, it is more often a bilateral
simultaneous condition. Third, it often seems to occur within
1–2 weeks after a known or presumed viral infection. Fourth,
it is less often associated with the development of MS. Fi-
nally, it is often steroid sensitive and steroid dependent.

Kennedy and Carroll (35) examined 30 children with idio-
pathic optic neuritis. The youngest child was 4 years old, and
the mean age of the group was 9.5 years. These investigators
found disc swelling in more than 70% of children (as op-
posed to a prevalence of 20–40% in adults). In addition,
over 50% of the children whom Kennedy and Carroll (35)
studied had bilateral disease, a significantly higher frequency
than in adults. Most of the patients in this series had central
scotomas and visual acuity less than 20/200, with only one
patient having visual acuity better than 20/50. Despite the
poor initial visual acuity in these patients, the visual prog-
nosis in children with optic neuritis appears to be quite good.
Kennedy and Carroll (35) performed follow-up examina-
tions on 19 of their 22 children with idiopathic anterior optic
neuritis. Fifteen of the children recovered completely, two
had moderate return of vision, and only two children had
no significant improvement. Of three children with acute
retrobulbar optic neuritis and normal optic discs at the time
of visual loss, two had a complete recovery, although the
third child had only a moderate return of vision and suffered
a second attack of visual loss 4 years later from which she
never recovered. No further information was given by these
authors regarding final visual acuity or fields in these pa-

often presumed to be related to a viral infection (discussed
later).

tients. Eight of the patients with idiopathic optic neuritis in
this study developed MS over a mean follow-up period of
8 years.

Kriss et al. (37) studied 39 children with optic neuritis.
After a mean follow-up of 8.8 years (range 3 months to 29
years), MS had developed in six (15%). The visual prognosis
was reported to be excellent. Riikonen (38) reported on 18
children with optic neuritis. A vaccination preceded the de-
velopment of optic neuritis in 6 of the 18 (33%) and a bacte-
rial or viral infection preceded it in 10 (55.6%). Eight of the
18 (44.4%) children developed MS during the study.

Nakao et al. (583) found 9 cases of optic neuritis in chil-
dren among 201 cases (5%) of optic neuritis evaluated at
Osaka University Medical School in Japan. In all nine cases,
the optic neuritis was bilateral and associated with severe
visual loss. Optic disc swelling was present in most of the
children, several of whom had associated upper respiratory
tract infections, meningitis, or encephalitis. All were treated
with systemic corticosteroids, and all experienced improve-
ment in vision.

Hierons and Lyle (34) collected data on 13 cases of bilat-
eral optic neuritis in children under the age of 13, 10 of
whom were girls. Five of the patients had a history of specific
exanthem or an indeterminate febrile illness before visual
symptoms began, and all but one patient made a good visual
recovery. Only one patient developed MS over a mean fol-
low-up period of 4 years.

Meadows (36) reviewed 35 cases of bilateral optic neuritis
in children, most between the ages of 5 and 12. Over a fol-
low-up period of 3–18 years, 12 of the patients were lost to
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examination, but of the remaining 21, none developed MS.
Although Meadows (36) referred to his cases as examples
of ‘‘retro-bulbar neuritis,’’ he stated that in the ‘‘vast major-
ity of cases seen during the early acute phase, the optic discs
were abnormal,’’ with the abnormality varying from mild
blurring of the disc margins to marked swelling of the disc
with peripapillary hemorrhages.

Keast-Butler and Taylor (584) described four cases, and
Cohen et al. (585) and Rollinson (586) reported isolated
cases, of bilateral optic neuritis with disc swelling in chil-
dren. None of the children experienced any preceding exan-
thema, and all patients recovered excellent vision, even
though the patient reported by Cohen et al. (585) had no
perception of light in either eye at one point during her hospi-
tal course.

Farris and Pickard (435) described six children who devel-
oped acute simultaneous bilateral optic neuritis. Five of the
six children had recently experienced a brief upper respira-
tory or gastrointestinal illness, presumed to be viral in nature.
Five of the six patients also demonstrated marked neurologic
deficits, including seizures and cerebellar dysfunction. Lum-
bar puncture was abnormal in three of the six patients. All
patients were treated with a course of intravenous methyl-
prednisolone, ranging from 1–2 mg/kg/day, and each patient
experienced a rapid and nearly complete recovery of vision
during treatment.

Koraszewska-Matuszewska et al. (587) reported a large
series of optic neuritis in childhood. These investigators re-
viewed the records from 110 children, aged 2–18 years
(mean 13 years) with optic neuritis. Sixty percent of the
children had bilateral simultaneous optic neuritis. Children
younger than 14 years of age tended to have anterior optic
neuritis, whereas retrobulbar neuritis was more common in
children over 14 years old. In younger patients, the cause of
the inflammation seemed to be viral infections or chronic
focal infection. Older children often had underlying neuro-
logic disease. The use of systemic steroids resulted in im-
provement of visual acuity in about 75% of cases and im-
provement or normalization of the visual field in over 50%
of cases, regardless of whether the optic neuritis was of the
anterior or retrobulbar variety. Normal visual function was
regained in about 50% of the children during a follow-up
period of 3 years. These children tended to be those with
the least severe visual loss during the acute phase of the
optic neuritis.

Good et al. (588) reviewed the records of 10 children
with optic neuritis in whom recovery of vision was poor or
incomplete. These investigators found that in all cases, the
condition had been bilateral. Optic disc swelling had been
present in 7 of the 10 cases (70%), and 70% of the cases
had been preceded by a viral illness. Five of the 10 children
(50%) had developed evidence of MS.

Brady et al. (589) evaluated the presenting features, neu-
roimaging findings, CSF abnormalities, associated systemic
disease, and visual outcome in children with optic neuritis.
A retrospective analysis was performed on all patients who
were seen at Baylor College of Medicine with optic neuritis
during a 6-year period from 1991 to 1997. The degree of
initial visual loss, subsequent visual recovery, and associated

disease were reviewed. MR images and CSF findings were
also analyzed. Twenty-five patients (39 eyes) 21 months of
age to 18 years of age were included in the study, with a
mean follow-up of 11 months. Fourteen patients (56%) had
bilateral optic neuritis, and 11 patients (44%) had unilateral
disease. Thirty-three of 39 eyes (84%) had visual acuity of
20/200 or less at presentation. Twenty-one of 25 patients
(84%) were given intravenous methylprednisolone (10–30
mg/kg/day). Thirty of 39 eyes (76%) recovered 20/40 visual
acuity or better. Three of 39 eyes (7%) recovered vision in
the 20/50 to 20/100 range. Six of 39 eyes (15%) recovered
vision of 20/200 or less. Twenty-three of 25 patients (92%)
underwent MR imaging of the brain. A normal MR image
of the brain was associated with recovery of 20/40 or better
visual acuity in six of six affected eyes (100%). Seven pa-
tients were 6 years of age or younger at presentation. Six of
these seven (85%) had bilateral disease, and 12 of 13 (92%)
affected eyes recovered 20/40 visual acuity or better. Eigh-
teen patients were 7 years of age or older at presentation.
Eight of these 18 (44%) had bilateral disease, and 10 of 18
patients (56%) had unilateral disease. Eighteen of 26 af-
fected eyes (50%) recovered 20/40 visual acuity or better.
These authors concluded that pediatric optic neuritis is usu-
ally associated with visual recovery; however, a significant
number (22%) remain visually disabled. A normal MR
image of the brain may be associated with a better outcome.
Younger patients were more likely to have bilateral disease
and a better visual prognosis.

Morales et al. (590) reviewed all charts of patients less
than 15 years of age who presented with optic neuritis to
the Bascom Palmer Eye Institute or the Miami Children’s
Hospital between 1986 and 1998. Fifteen patients were iden-
tified. There was a slight female predilection in the study
group (60%), with a mean age of 9.8 years at presentation.
A preceding febrile illness within 2 weeks of visual symp-
toms was reported in 66% of patients. Initial visual acuity
ranged from 20/15 to no light perception. Involvement was
bilateral in 66% of patients, and disc swelling was present
in 64% of involved eyes. Of the patients who underwent
MR imaging, 33% had focal demyelinating lesions in the
brain, and 63% of affected nerves were enlarged or enhanced
with gadolinium. Eleven patients were treated with intrave-
nous steroids. Final visual acuity was 20/40 or more in
58.3% of eyes. Thirty percent of the patients had vision of
finger counting or worse. Four (26%) patients developed
MS. The mean age of patients with MS was 12 years, com-
pared with 9 years in children who did not develop MS.
Patients with unilateral involvement had an excellent visual
prognosis (100% more than 20/40) but a higher rate of devel-
opment of MS (75%). Two patients had positive serology
for Lyme disease. It was their conclusion that optic neuritis
presents differently in children than in adults. Children typi-
cally have bilateral involvement with papillitis following an
antecedent viral illness. Although visual prognosis is poorer
in children than adults, the development of MS is less com-
mon in children. Children who present with unilateral in-
volvement have a better visual prognosis; however, they also
develop MS at a greater frequency than children with bilat-
eral involvement. Patients who developed MS were, on aver-
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Figure 6.20. Neuroretinitis. A, The right optic disc is swollen; there is peripapillary edema; and there is a star figure composed
of hard exudate in the macula. This is a form of optic neuritis that is not associated with multiple sclerosis. B, In another case,
the star figure is incomplete and located nasal but not temporal to the fovea. Note the extensive transudate surrounding the
swollen optic disc. (Courtesy of Dr. J.M. Christiansen.)

age, older at presentation with optic neuritis than those who
did not develop MS.

We have been impressed with the tendency for optic neuri-
tis in children, whether unilateral or bilateral, to be quite
responsive to treatment with systemic corticosteroids and,
more importantly, to be quite steroid sensitive. We have seen
several children, primarily those with anterior optic neuritis,
experience relapses of their condition, some of them quite
severe, when steroids were rapidly tapered. It is our policy
to evaluate all patients with optic neuritis less than 15 years
of age with MR imaging and a lumbar puncture. Unless there

NEURORETINITIS

In 1916, Theodore Leber described a condition character-
ized by acute unilateral visual loss associated with an exuda-
tive maculopathy consisting of hard exudates arranged in a
star figure around the fovea. Leber (592) believed that the
condition was a primary retinal process and called it a ‘‘stel-
late maculopathy.’’ The condition subsequently became
known as Leber’s stellate maculopathy (593) until 1977,
when Gass (469) reported that patients with the condition
showed swelling of the optic disc before and often concur-
rent with the appearance of the star figure. The optic disc
swelling then resolved, leaving the maculopathy as the pri-
mary or sole ophthalmoscopic abnormality. Gass (469) per-
formed fluorescein angiography in several of the patients
with this condition and showed that there was no leakage
from retinal vessels surrounding the macula. He thus con-
cluded that the condition was not a primary maculopathy,
but rather a form of optic neuritis. Because the condition
affected both the optic nerve and the retina, he called it
neuroretinitis. Gass (469) emphasized that the condition oc-
curred commonly in children and young adults, up to 50%

is a contraindication to doing so, we then treat these children
with intravenous methylprednisolone 1–2 mg/kg/day for
3–5 days. We do not use an oral corticosteroid taper in these
patients.

Gass (469) and Rush (591) emphasized that both chil-
dren and adults can develop acute, usually unilateral, visual
loss associated with an ophthalmoscopic picture of disc
swelling, peripapillary exudative retinal detachment, and
a macular star figure (Fig. 6.20). This type of ophthalmo-
scopic appearance has been called neuroretinitis (discussed
later).

of whom had an antecedent viral illness, usually affecting
the respiratory tract, a few weeks before the onset of visual
symptoms. It has subsequently become clear that some cases
of neuroretinitis are associated with particular infectious dis-
eases, whereas others occur as apparently isolated phenom-
ena (594,595). In the latter setting, the condition is called
Leber’s idiopathic stellate neuroretinitis (594,596–599).

Neuroretinitis affects persons of all ages, although it oc-
curs most often in the third and fourth decades of life. There
is no sex predilection. The condition usually is painless, but
some patients complain of an aching sensation behind the
affected eye or eyes, and the discomfort occasionally wors-
ens with eye movements. Affected patients complain of vis-
ual blurring that progresses as the maculopathy evolves. Vis-
ual acuity at the time of initial examination may range from
20/20 to light perception. We have never seen a patient who
lost all perception of light during this condition. Color vision
is variably affected, and we have the impression that the
degree of color deficit is usually significantly worse than
the degree of visual loss would suggest. The most common
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field defect is a cecocentral scotoma, but central scotomas,
arcuate defects, and even altitudinal defects may be present,
and the peripheral field may be nonspecifically constricted.
A relative afferent pupillary defect is present in most pa-
tients, unless the condition is bilateral, in which case even
patients with clinically asymmetric visual loss may have no
evidence of a relative afferent pupillary defect. The degree
of disc swelling ranges from mild to severe, depending in
part on the point in time at which the patient is first exam-
ined. In severe cases, splinter hemorrhages may be present.
Segmental disc swelling has been reported but is uncommon.
A macular star figure composed of lipid (hard exudates) may
not be present when the patient is examined soon after visual
symptoms begin, but it becomes apparent within days to
weeks and tends to become more prominent even as the optic
disc swelling is resolving (469,504,594,595) (Fig. 6.21).

Figure 6.21. Neuroretinitis. A, The right optic disc is moderately swol-
len, and there is a star figure just temporal to the disc. B, The macula
shows a star figure that is primarily nasal to the fovea. C, Fluorescein
angiogram in the mid-arteriovenous phase shows extensive leakage from
the optic disc but no retinal vascular abnormality in the macula or papillo-
macular bundle.

Small, discrete chorioretinal lesions may occur in idio-
pathic cases in both symptomatic and asymptomatic eyes
(594–596,600). Posterior inflammatory signs consisting of
vitreous cells and venous sheathing, as well as occasional
anterior chamber cell and flare, may occur in patients with
neuroretinitis. Fluorescein angiography in patients with
acute neuroretinitis demonstrates diffuse disc swelling and
leakage of dye from vessels on the surface of the discs (469).
The retinal vessels may show slight staining in the peripapil-
lary region; however, the macular vasculature is entirely nor-
mal. Chorioretinal lesions, when present, show late hyperflu-
orescence and exhibit progressive scarring on follow-up
examinations (594,595).

Neuroretinitis is a self-limited disorder. With time, usually
over 6–8 weeks, the optic disc swelling resolves, and the
appearance of the disc becomes normal or nearly so



OPTIC NEURITIS 335

(469,504,594,595). The macular exudates progress over
about 7–10 days. They then remain stable for several weeks
before gradual resolution occurs. Resolution may take 6–12
months, but the lipid eventually completely disappears. Most
patients ultimately recover good visual acuity, although
some complain of persistent metamorphopsia or nonspecific
blurred vision from mild disruption of the macular architec-
ture despite disappearance of the macular exudates. Ophthal-
moscopy and fluorescein angiography usually reveal defects
in the retinal pigment epithelium of the macula in such cases.
Rare patients develop moderate to severe visual loss, and
we have seen one patient who had bilateral loss of vision
down to 20/400 OU. Such patients invariably have evidence
of optic atrophy.

Most patients who develop neuroretinitis do not experi-
ence a subsequent attack in the same eye, and only a few
patients who have experienced an attack in one eye subse-
quently develop a similar attack in the fellow eye. Neverthe-
less, we have examined several patients who had recurrent
episodes of neuroretinitis in one or both eyes. Such patients
almost always suffer significant visual loss associated with
optic atrophy and permanent macular pigmentary distur-
bances.

Neuroretinitis is thought to be an infectious or immune-
mediated process that may be precipitated by a number of
different agents. A common association is with an anteced-
ent viral syndrome, suggesting a possible viral etiology for
up to 50% of cases; however, viruses are rarely cultured
from the CSF of such patients, and serologic evidence of a
concomitant viral infection is usually lacking (469,594,595).
One case of neuroretinitis associated with herpes simplex
encephalitis was reported by Johnson and Wisetzley (601),
as was a case of bilateral neuroretinitis associated with
serologic evidence of hepatitis B virus infection (602).
Foster et al. (311) reported a case of neuroretinitis that
occurred in association with mumps in a young man, and
Margolis et al. (603) reported the occurrence of an ‘‘arcuate
neuroretinitis’’ associated with optic disc swelling in a
patient with the acute retinal necrosis syndrome, a condi-
tion thought to be caused by one or more of the herpes
viruses (see Chapter 57).

Neuroretinitis may occur in patients with evidence of in-
fectious disease caused by organisms other than viruses.
Gass (469) described neuroretinitis associated with cat-
scratch disease, a systemic infection caused by the bacterium
Bartonella henselae (see Chapter 49). Since then, numerous
similar cases of neuroretinitis have been described in patients
with clinical manifestations consistent with cat scratch dis-
ease (470,594,600,604), some of whom have had positive
cat scratch antigen and antibody testing (604–606). In our
experience, cat scratch disease is the most common infec-
tious process associated with neuroretinitis. The vitreoretinal
manifestations include anterior uveitis, vitritis, pars planitis,
focal retinal vasculitis, a characteristic retinal white spot syn-
drome, Bartonella retinitis, branch retinal arteriolar or venu-
lar occlusions, focal choroiditis, serous retinal detachments,
and peripapillary angiomatous lesions. The pattern of ocular
disease in AIDS-associated B. henselae infections is poorly

delineated; unusual manifestations include conjunctival and
retinal bacillary angiomatosis.

Other common infections that cause neuroretinitis are the
spirochetes. Neuroretinitis frequently occurs in patients with
secondary and tertiary (late) syphilis. It may develop in pa-
tients with secondary syphilis as part of the syndrome of
syphilitic meningitis (607). In such cases, it is usually bilat-
eral and associated with evidence of meningeal irritation and
multiple cranial neuropathies. It may also occur as an iso-
lated phenomenon in patients with secondary syphilis, in
which case it is often associated with uveitis and may be
either unilateral or bilateral (607–614). Neuroretinitis occa-
sionally occurs in patients with late syphilis, usually in pa-
tients with meningovascular neurosyphilis (607). The condi-
tion is indistinguishable from that which occurs in patients
with secondary syphilis.

Lyme disease is another spirochete that is associated with
neuroretinitis. Almost all cases occur in patients with stage
II Lyme disease (534,617). Like the neuroretinitis that occurs
in syphilis, the neuroretinitis of Lyme disease may be unilat-
eral or bilateral; when bilateral, it is usually simultaneous
and symmetric. Also like the neuroretinitis of syphilis, the
neuroretinitis that occurs in Lyme disease may recover spon-
taneously but also resolves rapidly once the patient is treated
with appropriate antibiotics (607).

Leptospira were identified in the CSF in one of three pa-
tients with neuroretinitis who all had unilateral visual loss
and bilateral small, deep, intraretinal lesions consistent with
septic retinitis (594). The patient in whom the leptospira
were detected had no evidence of leptospirosis. No infec-
tious agent was identified in blood or CSF in the remaining
two patients.

Patients with toxoplasmosis, toxocariasis, and histoplas-
mosis may develop an acute anterior optic neuritis that, in
rare cases, may be associated with a macular star figure
(560,566,568,618–621). Whether such conditions are truly
examples of neuroretinitis is unclear. We believe that any
presumed or known inflammatory or infectious optic neu-
ropathy that is characterized by optic disc swelling and the
eventual development of a macular star figure should be
defined as neuroretinitis; thus, these cases would fit that
description. On the other hand, there are noninfectious and
noninflammatory conditions that should not be called neuro-
retinitis even though they are characterized by optic disc
swelling that may on occasion be associated with the devel-
opment of a macular star figure. These mimicking conditions
include papilledema, anterior ischemic optic neuropathy,
and infiltration of the optic disc by tumor. Systemic hyper-
tension may cause both optic disc swelling and a macular
star figure, but fluorescein angiography in such cases shows
leakage from macular vessels. A similar phenomenon may
occur in the condition called diffuse unilateral subacute neu-
roretinitis, thought to be caused by one or more types of
helminths (see Chapter 51).

One condition that is not associated with neuroretinitis is
MS. One might assume that since neuroretinitis is a form of
optic neuritis, the likelihood of developing MS after an at-
tack of neuroretinitis would be as high as it seems to be after
an attack of straightforward optic neuritis. In fact, although
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the rate of development of MS after an attack of anterior or
retrobulbar optic neuritis is substantial (discussed previ-
ously), there is no increased tendency for patients who expe-
rience an attack of neuroretinitis to develop MS (622), and
the rate of development of MS in such patients is the same
as that in the normal population, about 6–80 per 100,000.
Thus, the designation of an attack of acute optic neuropathy
as an episode of neuroretinitis rather than anterior optic neu-
ritis substantially alters the systemic prognosis in the patient
being evaluated.

Investigation into the etiology of neuroretinitis should be
done systematically. A careful history is crucial and should
include questioning regarding sexually transmitted diseases,
skin rashes, and viral exanthema. Complete physical and
ocular examinations are also essential, and a neurologic ex-
amination may be required.

Patients with cat scratch fever usually have a history of
contact with a cat. They complain of malaise, fever, muscle
aches, and headache. Examination typically reveals local
lymphadenopathy. Rare patients also have symptoms of ar-
thritis, hepatitis, meningitis, or encephalitis.

Patients with secondary or tertiary syphilis usually pro-
vide a history of previous sexual contact, and they may have
had a chancre in the past. They may also complain of arthral-
gias and myalgias, and some have symptoms of meningitis
or encephalopathy. Many of these patients have been treated
for syphilis or some other sexually transmitted disease in
the past.

Patients with stage II Lyme disease usually live or work
in an endemic area and may even give a history of a tick
bite within the last 6 months. They often have cutaneous,
cardiac, or neurologic manifestations in addition to visual
complaints. The most common cutaneous manifestation is
a solitary red or violaceous abnormality that ranges in size
from a small nodule to a plaque several centimeters in diame-
ter. The lesion is called a ‘‘lymphocytoma’’ or ‘‘lymphaden-
osis benigna cutis.’’ It may appear at the site of the tick bite
or remote from it. Typical remote sites are the earlobe in
children and the nipple in adults. Cardiac manifestations
occur in about 5–8% of patients with stage II Lyme disease.
Neurologic manifestations occur in 10–15% of cases of
stage II Lyme disease and include meningitis, myelitis, en-
cephalitis, cranial neuropathies, meningoradiculitis, and pe-
ripheral neuropathies. Some patients with neuroretinitis
caused by Lyme disease have other ocular disturbances, in-
cluding unilateral or bilateral granulomatous iridocyclitis,
choroiditis, pars planitis, vitritis, and panophthalmitis. Intra-
ocular vascular disturbances, such as retinal perivasculitis,
branch retinal artery occlusion, recurrent vitreous hemor-
rhage, sheathing of retinal vessels, and intraretinal hemor-
rhages, are also common in such patients. Fluorescein angi-
ography may reveal areas of nonperfusion in one or both
eyes in such patients.

Specific patients may require lumbar puncture, MR imag-
ing or CT scanning, and serologic tests for syphilis, Lyme
disease, toxoplasmosis, histoplasmosis, or toxocariasis,
whereas others should undergo antibody testing for cat
scratch disease. The use of molecular biologic techniques to
identify viral nucleic acids in various body tissues and fluids

may eventually result in identification of specific viruses
that cause the condition in otherwise normal persons or in
persons who have recently suffered what seems to be a viral
illness. At this time, however, we cannot recommend that
such techniques be used on a regular basis, since they are
both time-consuming and expensive and the therapeutic im-
plications may be nil. Patients in whom neuroretinitis is ac-
companied by diffuse retinal or choroidal lesions suggesting
septic retinitis or choroiditis may require a complete evalua-
tion for systemic infection (600).

Treatment of neuroretinitis depends on whether there is
an underlying infectious or inflammatory condition that re-
quires therapy. B. henselae is the principal cause of cat
scratch disease (623,624). The availability of specific sero-
logic investigations has allowed the recognition of a spec-
trum of ocular cat scratch disease syndromes that previously
were ill defined and considered idiopathic. The benefit of
antimicrobial therapy for cat scratch disease in immunocom-
petent individuals has been difficult to establish, partly be-
cause most infections are self-limited. Empirically, azithro-
mycin, ciprofloxacin, rifampin, parenteral gentamicin, and
trimethoprim-sulfamethoxazole are the best therapeutic
choices to minimize damage to the eye. Such treatment is
almost always associated with improvement of the associ-
ated neuroretinitis, although whether the neuroretinitis
would resolve spontaneously without treatment is unknown
(470,600,623,624). Patients with neuroretinitis who are
found to have secondary or late syphilis should be treated
with intravenous penicillin as recommended by the Centers
for Disease Control and Prevention (625), and patients with
neuroretinitis that occurs in the setting of Lyme disease
should also be treated with appropriate antibiotics, such as
ceftriaxime, amoxicillin, or tetracycline (534). Patients in
whom neuroretinitis is found to be associated with evidence
of toxoplasmosis, toxocariasis, or histoplasmosis should
likewise undergo treatment specific for their underlying sys-
temic disease.

Patients with presumed viral or idiopathic neuroretinitis
may or may not require treatment. Some authors advocate
the use of systemic corticosteroids or ACTH to treat isolated
neuroretinitis, but there is no definite evidence that such
treatment alters either the speed of recovery of the condition
or the ultimate outcome. Interestingly, Weiss and Beck (600)
reported a case of idiopathic neuroretinitis that did not re-
spond to treatment with oral prednisone but that improved
rapidly and dramatically when intravenous corticosteroids
were given.

As noted above, the ultimate prognosis for most cases of
Leber’s idiopathic neuroretinitis is excellent. Most patients
achieve good visual recovery, although a subgroup of pa-
tients develop optic atrophy and poor vision. These patients
typically have very poor visual acuity from the beginning
of the process, significant visual field loss at presentation,
and a marked, relative afferent pupillary defect if the condi-
tion is unilateral or asymmetric (595). Nevertheless, even
patients who present with profound loss of visual function
may recover normal or near-normal vision over time. Recur-
rent neuroretinitis may occur in rare cases (626).
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OPTIC PERINEURITIS (PERIOPTIC NEURITIS)

Perioptic neuritis is a condition in which only the periph-
ery of the optic nerve is inflamed. Edmunds and Lawford
(627) initially described optic perineuritis as occurring in
two forms: exudative and purulent. The exudative form, rep-
resenting a localized, nonsuppurative pachymeningitis, oc-
curs infrequently, most often in association with syphilis,

Figure 6.22. Optic perineuritis. A, The optic disc is hyperemic and swollen (as was the left disc). The patient was a 15-year-
old boy complaining of a headache and stiff neck. He had a moderate fever. Visual acuity was 20/15 in both eyes, color vision
was normal, and visual fields were full. The patient was believed to have papilledema. A lumbar puncture, however, revealed
normal intracranial pressure, an increased concentration of protein in the CSF, and a significant CSF lymphocytosis. B,Histologic
appearance of optic perineuritis in a case of fatal meningitis. Polymorphonuclear leukocytes (PMNs) are infiltrating the leptomen-
inges surrounding the optic nerve and are present in the subarachnoid space. C, Magnified view of affected area of peripheral
optic nerve. PMNs extend from the pia in the septal system deep into the nerve. There is no invasion of the nerve tissue,
however. (Specimen courtesy of Dr. S.T. Orion.)

sarcoidosis, and viral encephalitides (628–632). The puru-
lent form, actually a leptomeningitis, arises as an extension
from the cerebral meninges. Pathologically, the pia and
arachnoid are infiltrated by polymorphonuclear leukocytes
that are also found free in the subarachnoid space surround-
ing the optic nerve (Fig. 6.22). From the leptomeninges, the
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infiltration may spread into the substance of the optic nerves
without at first affecting the nerve fibers themselves.

Purvin et al. (633) reviewed the medical records of 14
patients with optic perineuritis who were seen in two neuro-
ophthalmology clinics. The patients ranged in age from 24
to 60 years; 5 were older than 50 years. All patients had
visual loss, eye pain, or both. The visual acuity was 20/20
or better in 8 of the 15 eyes. The results of visual field testing
were normal in two eyes, and a paracentral scotoma or an
arcuate defect was seen in seven. MR imaging demonstrated
circumferential enhancement around the optic nerve, some-
times with intraorbital extension. Response to corticoste-
roids was dramatic; however, four patients had a relapse
with lowering of the dose. The authors concluded that in
contrast to those with optic neuritis, patients with optic peri-
neuritis are often older at onset and are more likely to show
sparing of central vision. MR imaging demonstrates en-
hancement around, rather than within, the optic nerve. Re-
sponse to corticosteroids is more dramatic than in patients
with optic neuritis, and patients are more likely to experience
recurrence after stopping treatment.

In many cases of optic perineuritis, there are neither ocular
symptoms nor signs other than disc swelling, usually bilat-
eral. Apparently, the absence of visual dysfunction occurs
because the infiltration is loose and disorganized. When vit-
reous cells are present, the differentiation from papilledema
is easy; however, when there are no intraocular signs of
inflammation, it may be necessary to perform neuroimaging
and a lumbar puncture for diagnosis. Enlargement of the
optic nerve sheath on CT scan may simulate optic nerve
sheath meningioma (634), but advanced MR imaging is de-
finitive (633).
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423. Baló J. A leukoenkephalitis periaxialis concentricaról. Magy Orvosi Arch 1927;
28:108–124.
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disease. Arch Ophthalmol 1977;95:1813–1817.

545. Ryan SJ, Maumenee AE. Birdshot retinochoroidopathy. Am J Ophthalmol 1980;
89:31–45.

546. Lesser RL, Albert DM, Bobowick AR, et al. Creutzfeldt-Jakob disease and optic
atrophy. Am J Ophthalmol 1979;87:317–321.

547. Roth AM, Keltner JL, Ellis WG, et al. Virus-simulating structures in the optic
nerve head in Creutzfeldt-Jakob disease. Am J Ophthalmol 1979;87:827–833.

548. Bawa YS, Wahi PL. Cysticercosis cellulosae of the optic disc with generalized
cysticercosis. Br J Ophthalmol 1962;46:753–755.

549. Lossos A, Eliashiv S, Ben-Chetrit E, et al. Optic neuritis associated with familial
Mediterranean fever. J Clin Neuroophthalmol 1993;13:141–143.

550. Vlodarczyk S. Un cas de syndrome de Guillain-Barré avec névrite optique retro-
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Diagnostic Criteria for Sjögren’s Syndrome. Ann Rheum Dis 1996;55:116–121.

639. Mochizuki A, Hayashi A, Hisahara S, et al. Steroid-responsive Devic’s variant
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