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A
49-year-old woman with a
nine-year history of remitting-
relapsing multiple sclerosis
(RRMS) was referred for
neuro-ophthalmology consul-

tation because of “dim vision.” During the
last five years, she reported the insidious
development of difficulty driving at dusk
and at night as well as problems distin-
guishing shades of colors especially reds
and greens.

She had an episode of numbness on her
right side in 1985 that lasted for several
months but she did not seek medical
attention. In 1999, her right upper leg
again became numb and weak to a point
where she could not lift her leg to walk
normally. MRI scanning of the brain dis-
closed 12 T2-enhancing white matter
lesions. Lumbar puncture demonstrated
oligoclonal bands. She was treated initially
with pulse methylprednisolone and then
placed on disease modifying therapy.

She has remained neurologically stable
with only short-lived sensory exacerba-
tions over the past nine years. MRI of the
brain has not shown any new lesions
since 2006. She has never had a history of
optic neuritis in either eye. There has never
been a family history of glaucoma or any
other optic neuropathy.

Neuro-ophthalmologic examination
revealed vision of 20/20 in each eye. She
identified 14/14 Ishihara pseudo-isochro-
matic color plates with each eye but did so
in a relatively slow, somewhat searching,
manner. Pupils were normally reactive to
direct light stimulation without an afferent
defect. Intraocular pressures were normal..

Both optic discs were mildly pale.
Visual field examination using the 24-

2 program with the Humphrey automated
perimeter (Carl Zeiss Meditec, Dublin,
Ca.) was normal in each eye. MRI scan-
ning was unchanged compared to 2006.
No enhancement of either optic nerve was
found.

In summary, a patient with a nine-year
history of diagnosed RRMS has presented
with credible problems of visual dysfunc-
tion consistent with bilateral optic neu-
ropathies; however, her visual acuity, visu-
al fields and reaction of the pupils to direct
light stimulation, the standard metrics of
optic nerve function, were normal. Her
examination showed only a subjective dif-
ficulty with color vision and mild optic
disc pallor.

The important clinical questions are:
1. What is the pathophysiologic basis

of the patient’s visual difficultites?
2. How did the problems develop when

the patient’s clinical course and MRI of the
brain implied that the RRMS was under
control?

3. How should the patient be followed
in the future for disease progression in the
visual system and could this assessment be
used to help gauge disease activity in other
areas of the central nervous system (CNS)?

To further investigate her visual prob-
lems, optical coherence tomography
(OCT) was performed (see Figure 1). The
OCT revealed bilateral thinning of the
peripapillary retinal nerve fiber layer
(RNFL) in each eye, an anatomic region
consisting primarily of unmyelinated CNS
axons. Therefore, the patient had devel-
oped bilateral loss of axons in the retina
that ultimately coalesce to form the optic

nerve despite never having had a clinical
attack of optic neuritis and despite appear-
ing to be in clinical remission as judged by
MRI scanning and absence of relapses.

During the past five years, OCT scan-
ning has become a very “hot” topic in MS
and optic neuritis clinical research. We will
describe the “what,” “why” and “when” of
this intriguing new technology and how it
may help practicing neurologists with the
care of MS patients.

The What
OCT is a painless, non-invasive, non-con-
tact technology that uses an optical inter-
ferometer to detect reflection backscatter-
ing and delay of light and compares it to a
reference reflection from a built-in mirror.
Through this process, similar to ultra-
sonography in some respects, images of the
retina and optic nerve are obtained with an
axial resolution of 12 microns and a trans-
verse resolution of 20 microns.

Commercialized by Carl Zeiss
Meditec, the Stratus OCT was developed
primarily to detect RNFL loss in glaucoma
and a variety of macular diseases including
diabetic retinopathy, age-related macular
degeneration, and macular holes. When
performed by a trained technician, OCT
scanning requires about three minutes per
eye and yields accurate, reproducible data
detailing the thickness of the RNFL in 12
clock hours measuring 30 degrees each. A
measurement of average thickness is also
obtained.

The thickness of the RNFL and the
thickness of the macula are immediately
compared to an FDA approved normal
data base. The individuals in the data base
reflect a broad ethnic distribution and
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range in age from 18 to 85 years. 
Histologically precise images of the

retina are also obtained that are very sensi-
tive for revealing epiretinal membranes on
the surface of the RNFL as well as other
pathology at the interface of the vitreous
and retina. Areas of hypo-reflectivity repre-
sent intraretinal edema, and regions of
hyper-reflectivity indicate hemorrhage,
lipid, exudates or fibrotic scar formation.
Correlation of OCT scans with the clinical
examination and fundus photographs pro-
duces the best analysis and interpretation.

The Why
At about the same time that OCT was
entering the clinical arena, the re-discovery
of axonal loss in MS was being completed.
Three major themes emerged at this time:

1. Cumulative axonal loss correlates
with disability in MS.

2. Axonal loss occurs early in the course
of optic neuritis and MS.

3. While MRI provided excellent data
about CNS inflammation and tissue atro-
phy, traditional MRI did not provide
direct information about axonal loss. An
in vivo technique was necessary to measure
axonal preservation or loss.

Several investigators realized that
Stratus OCT could detect RNFL thinning
(axonal loss) and RNFL edema not only in
glaucoma but also in neuro-ophthalmo-
logic diseases such MS and optic neuritis,
anterior ischemic optic neuropathy, and

compressive lesions of the afferent visual
system. 

Since then, numerous cross-sectional
studies have been published in both the
neurological and ophthalmological peer-
reviewed literatures establishing that
Stratus OCT can reproducibly measure
loss of axons in patients who have had
optic neuritis and MS. The loss of RNFL
thickness correlates with loss of contrast
sensitivity as well as brain atrophy as meas-
ured by MRI and EDSS assessments. 

Therefore, OCT is clearly fulfilling a
previously unmet medical need—measur-
ing in vivo axonal loss in a non-invasive,
non-contact, accurate, reproducible man-
ner in patients with MS and optic neuritis.

The When
OCT has been demonstrated to reveal
clinically useful information in patients
with MS and optic neuritis; thereby
emerging as a “candidate” to be a new bio-
marker in this disease. Robert Redford’s
famous last line in the movie The
Candidate just after his successful election
asked “What do we do now?” And that
line now applies to the future of OCT in
MS and optic neuritis.

At least part of the answer to that ques-
tion is illustrated by the case study at the
beginning of this article and the previous-
ly published cross-sectional studies. When
patients have credible visual complaints
and normal neuro-ophthalmologic exami-

nations, Stratus OCT can reveal sub-clini-
cal axonal loss validating the patient’s
symptoms.

This loss of RNFL in MS and optic
neuritis despite normal visual function was
first described by Friesen and Hoyt using
detailed analysis of high resolution fundus
photographs. These fundus changes can be
seen clinically but are difficult to quanti-
tate from examination to examination. 

OCT provides the quantitation neces-
sary to transform RNFL loss from an astute
clinical observation into a potentially useful
metric for serial analysis and clinical corre-
lation with other measures of disease activi-
ty in MS. If proper statistical analyses are
developed for progressive changes, then
OCT may emerge as a biomarker differen-
tiating progressive versus stable MS. To
achieve this goal, statistical methodology
must differentiate between verifiable patho-
logic changes and inherent, albeit small,
variability of OCT measurements. 

Therefore clinicians should consider
OCT scanning for MS and optic neuritis
patients with the following clinical issues:

1. Failure to recover vision after an
episode of optic neuritis. 

2. Visual complaints that are not
explained by traditional metrics of Snellen
visual acuity, visual fields, and color vision
testing.

3. Patients who are under investigation
for clinical progression of MS and possible
adjustment in disease modifying therapy.

4. When proper statistical methodology
is developed, then, I believe, that OCT will
be used a metric to assess sub-clinical axon-
al loss and disease activity in MS and optic
neuritis in a manner similar to MRI.  PN
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Figure 1. OCT scan of the peripapillary demonstrates loss RNFL [axonal] loss in the yellow
and red sectors of each eye.  Moreover, the average thickness is reduced bilaterally even
though the patient never had an event of optic neuritis and was in remission as judged by
MRI and lack of clinical relapses.


