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Abstract:

Multiple sclerosis (MS) is the most common cause of neurological disability among young
adults. In some individuals, MS first manifests as an acute attack on the optic nerve. This case
report follows the initial clinical diagnosis of optic neuritis suspicious of a clinically isolated
syndrome (CIS), followed by final diagnosis of multiple sclerosis via neural imaging studies.
This case highlights the importance of understanding the disease process, manifestations,
prognosis, and treatment options of MS as an eye care provider.
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Introduction

Optic neuritis is an acute inflammatory demyelinating condition that is marked by a sudden,
painful, loss of vision.! In North America, the prevalence is approximately 115/100,000 with 1 to
6.4 new cases per 100,000 population being reported each year.>?> The most common cause of
optic neuritis is multiple sclerosis (MS). Other etiologies for optic neuritis include neuromyelitis
optica (NMO), idiopathic inflammatory demyelination, and infectious etiologies such as Lyme
disease and neurosyphilis.® Optic neuritis is the initial manifestation of MS in 20% of patients
with multiple sclerosis.* In those cases, the patient not only suffers from frightening symptoms,
but must also bear the news of having a chronic, debilitating disease.

Case Report

A 21-year-old female of Mediterranean descent presented to sick call at the family health clinic
at 7:45AM on August 25, 2016 with complaints of headaches for 6 days, and a 4 out of 10,
constant, sharp pain mostly in the right eye with movement. Her history was negative for any
inciting events. Neurological work-up including cranial nerve (CN) testing of nerve numbers 2-
12 was normal, Romberg’s test was negative, strength and mobility of upper and lower
extremities were balanced on both sides without any restrictions. The family health doctor found
a superonasal defect in the right eye (OD) approximately 5-degrees from fixation on Amsler grid
(Appendix A) around 8:10AM, and brought her to optometry for further evaluation.

The patient presented to the optometry clinic complaining of a dark film in her vision since the
day prior around 4:30PM. Initially, she suspected she had gotten something in her right eye, but
she was unable to spot anything in the mirror. The patient denied flashes and floaters. She
reported the area of darkness in her vision had not gotten bigger, but had gotten darker. She also
reported light sensitivity and a constant, sharp pain at a level of 4 out of 10 in her right eye,
worsening when she looked up and to the right. The patient also reported a dull headache since
Friday afternoon, 6 days prior to the visit. She confirmed a history of migraine headaches. She
had taken Aspirin, Motrin, and Tylenol, none of which helped to lessen the headache. The
patient denied trauma and prior history of similar occurrence.

The patient denied personal and familial eye history of blindness, glaucoma, and macular
degeneration. The patient’s personal medical history was unremarkable. However, her father had
hypertension, and both maternal grandparents had diabetes. The patient was taking Alyacen 1/35
birth control in addition to the over the counter pain medications.

The patient did not wear glasses, and had never had a complete eye exam. Her entering visual
acuity (VA) was 20/20 right eye and 20/15-1 left eye (OS), uncorrected. Autorefraction revealed
a minimal refractive error of OD: plano-0.25x178 and OS: plano-0.50x174. Her intraocular
pressure (IOP) measured 16mmHg OD and 15mmHg OS at 08:21AM with a non-contact
tonometer (NCT). Extraocular motilities (EOMS) were restricted in up-gazes due to pain in the
right eye. Pupillary testing revealed a 3+ afferent pupillary defect (APD) of immediate redilation
in the right eye. A red desaturation test, however, was normal. The patient reported the red
medicine bottle cap appeared the same to each eye. Color vision testing with the HRR
pseudoisochromatic plate test #4 (HRR#4) was normal with 6/6 correct in the right eye and the



left eye. No abnormalities in the red-green or blue-yellow color screening. A brightness
comparison test did, however, confirm a dimmer perception of the binocular indirect
ophthalmoscope (BIO) light in the right eye compared to the left.

Anterior segment evaluation was normal for both eyes (OU) without conjunctival hyperemia or
evidence of cells or flare in the anterior chamber in either eye. An undilated view of the posterior
pole with the 90 diopter (D) lens revealed small nerves with mild elevation in both eyes. The
cup-to-disk ratio (C/D) was estimated to be 0.10x0.10, round for the right eye, and 0.15x0.15,
round for the left eye. Both nerves appeared pink, with no edema, hemorrhage, obscuration of
vessels, or pallor. The nerves were assessed to be normal in appearance for both eyes.

Differential diagnoses considered at this point include:

Optic Neuritis

Neuromyelitis Optica

Idiopathic Intracranial Hypertension
Optic Nerve Head Drusen

Migraine with Aura

Transient Ischemic Attack

Anterior Ischemic Optic Neuropathy
Branch Retinal Artery Occlusion
Retinal Detachment

* Optic Neuritis (ON) is an inflammatory demyelination of the optic nerve. If disc edema is
present, it called papillitis; if the inflammation is behind the lamina cribrosa, it is called
retrobulbar optic neuritis.* The patient presents with sudden, painful, unilateral vision loss.
Typical demographic is young, white, female. The optic disc may appear normal for up to 4
weeks from the initial attack. Multiple sclerosis is the most common cause, while Lyme and
syphilis are common infectious causes. Eye pain is present in 63% of cases.® Visual field
defect is generally a large, central-type visual field loss in the affected eye at the initial
presentation, and 75% of the fellow eye also showed some visual field abnormalities.®

e Neuromyelitis Optica, also known as Devic’s syndrome, is a demyelinating condition
affecting the optic nerves and spinal cord. Clinical attacks are often severe resulting in
residual visual and neurologic deficits. NMO generally affects females in their late 30’s,
presenting with bilateral optic neuritis. The diagnostic criteria for NMO include optic neuritis
with myelitis, followed by at least 2 of the following conditions: Spinal cord MRI with
longitudinally extensive lesion in 3 or more segments, early brain MRI not fulfilling criteria
for MS, and/or positive NMO-1gG antibody.*2

e Idiopathic Intracranial Hypertension (I1H), is a condition of elevated intracranial pressure in
the absence of anatomical abnormalities or abnormalities in cerebrospinal fluid composition.
The patient typically complains of headaches, transient visual obscurations, tinnitus, and less
frequently, diplopia, dizziness, and nausea. The patient is typically female, between 20-45
years of age, and has a history of obesity. Bilateral disc edema, enlarged blind spot, and/or
inferior-nasal steps on visual fields are common signs.*

e Optic Nerve Head Drusen involves retention of hyaline bodies in the optic nerve anterior to
the lamina cribrosa. The nerves may appear elevated with irregular margins and minimal



cupping. Refractile bodies may be visible with red-free light. Patients are usually
asymptomatic, but report recurrent, transient visual obscurations.® Visual field defects, if
present, are typically enlarged blindspot (60%), arcuate defects, or irregular peripheral
contractions.’

e Migraine with Aura, as defined by International Headache Society (IHS), is a primary
headache disorder characterized by a reversible visual, sensory, and/or speech symptoms for
an hour followed by a headache. Complicated migraines have been reported to include
attacks lasting greater than 72 hours or auras persisting for more than 1 week.®

e Transient Ischemic Attack (TIA) typically affects older patients at risk for stroke. Symptoms
include numbness, visual loss, paralysis, and ataxia. Typical duration is less than one hour
and recurrent spells can occur over days, weeks or months. Headaches typically present at the
time of the TIA.”

e Anterior Ischemic Optic Neuropathy (AION) is a stroke of the optic nerve head. It presents
as a sudden, painless, monocular vision loss. It can be caused by temporal arteritis,
arteriosclerotic ischemic optic neuropathy, embolism, or cataract surgery. Patients generally
present with optic nerve head edema, peripapillary hemorrhage, and optic nerve pallor. The
retinal arteries may appear attenuated. Visual field loss is typically inferior altitudinal defect
or arcuate scotoma. Visual acuity can be worse than 20/100.3

e Branch retinal artery occlusion presents as a superficial, edematous, whitening of an area of
the retina supplied by an occluded branch of retinal artery. The occlusion is usually caused
by an emboli. Although the retinal artery may appear normalized and the retinal edema
resolved, permanent visual field defects persist in the area as evidence of the retinal
infarction.®

e Retinal Detachment is the separation of sensory retina and the RPE caused by fluids that
have extravasated into the subretinal space. The retina will appear gray and opaque, and if
the fluid collection is significant, the retina may appear to billow with numerous folds. The
loss of central vision is reported if the macula is involved.®®

In the absence of retinal abnormalities on undilated fundus examination, retinal detachment and
branch retinal artery occlusion were ruled out. Based on the optic nerve appearances, the absence
of disc edema, peripapillary hemorrhage, and optic nerve pallor ruled out the differential
diagnoses of anterior ischemic optic neuropathy, idiopathic intracranial hypertension, and optic
nerve head drusen. Based on the history of the events, migraine with headache and transient
ischemic attacks were ruled out. In a classic textbook presentation of a young, white female
complaining of sudden, painful, monocular vision loss, optic neuritis was suspected.

The patient was assessed on the Zeiss Humphrey Field Analyzer Model 750i, and completed a
Central 30-2 SITA-Fast Threshold Test (HVF 30-2) for each eye. The patient completed the field
for the right eye in 5 minutes and 40 seconds with the fixation monitor turned off, a false positive
error rate (FP) of 3%, a false negative error rate (FN) of 11%, mean deviation (MD) of -10.01
decibels, and pattern standard deviation (PSD) of 16.48 decibels. Glaucoma hemifield test
(GHT) was outside the normal limits. The right eye revealed a dense superior altitudinal defect
that was spreading into the inferonasal quadrant (Appendix B). The patient completed the field
for the left eye in 3 minutes and 27 seconds with the fixation monitor turned off, a false positive
error rate of 5%, a false negative error rate of 5%, mean deviation of -2.75 decibels, and pattern



standard deviation of 2.06 decibels. Glaucoma Hemifield Test was borderline. The left eye
revealed a mild superotemporal depression of around 4-8 decibels (Appendix C).

The visual field test was completed at 09:10AM, and showed a significant progression compared
to the Amsler grid findings from an hour earlier. The patient was diagnosed with acute optic
neuritis OD, suspicious of a clinically isolated syndrome (CIS). The patient was educated on the
findings. The patient was reassured that vision should recover promptly with treatment. Based on
the guidelines from the Optic Neuritis Treatment Trials (ONTT), 250mg of methylprednisolone
intravenously (1V) four times a day for 3 days, followed by 60mg of oral prednisone each day for
11 days and a 4-day taper were indicated. The patient was educated that there is a 50% chance of
developing multiple sclerosis in 15 years of an optic neuritis attack,® and that a prompt magnetic
resonance imaging (MRI) was recommended to rule out possible multiple sclerosis and
neuromyelitis optica. The family health clinic was enlisted to help coordinate the treatment and
the ordering of the MRI scans.

Immediate Follow-up

The patient was sent to the local hospital for a same day MRI scan. The family care doctor
initially ordered oral Prednisone, 50mg by mouth daily for 5 days with 5-day taper based on
recommendation by a local civilian neurologist. However, upon being presented the findings of
the Optic Neuritis Treatment Trials'® study recommending against oral steroids due to a doubled
rate of recurrence of optic neuritis in oral steroid group compared to 1V steroid and placebo
groups, he consulted with another neurologist at another Air Force Base for a second opinion.
The second neurologist recommended a minimum of 3 days of 1g Solu-Medrol intravenously,
followed by taper. Thus, the original oral steroid prescription was cancelled. However, the local
hospital could not treat the patient with IV steroid due to a lack of neurology support. After
extended coordination, the patient was arranged to present to the emergency department at
Vidant Medical Center for treatment.

The patient was admitted to Vidant Medical Center on August 25, 2016 at 9:07PM, and started
on 1g of IV Solu-Medrol. Lumbar puncture was performed on Aug 26, 2016. On Aug 27, 2016,
the patient was discharged after completing 3 days of 1V Solu-Medrol with a 6 day taper of
60mg of oral prednisone.

Test Results

The MRI of the brain with and without Gadolinium was performed on Aug 25, 2016 at 1:29PM
to include sagittal T1-weighted, axial T1-weighted, T2-weighted, FLAIR, diffusion, and
postgadolinium-T1-weighted sagittal, axial and coronal images. The radiologist noted numerous,
bilateral cerebral, cerebellar, and brainstem hyperintense T2-weighted foci, several of which
enhanced with Gadolinium, and few lesions arranged in typical Dawson’s finger appearance.
There were no mass effects or midline shifts. The findings were characteristic of multiple
sclerosis or other demyelinating disease.

MRI of the orbits with and without Gadolinium was also performed on Aug 25, 2016 including
coronal T1-weighted and fat-sat T2-weighted; axial T1-weighted and fat-sat T2-weighted;



postgadolinium, coronal, fat-sat T1-weighted; postgadolinium, axial, T1-weighted; and
postgadolinium, axial, fat-sat T1-weighted images. The radiologist did not note any abnormal
enhancements with the optic nerves, extraocular muscles, or other structures within either orbit.

Cerebral spinal fluid (CSF) was collected via lumbar puncture (LP) on Aug 26, 2016 at 5:41PM.
Analysis of the CSF showed high levels of lymphocytes at 96% and low percentage of
monocytes at 4%. VDRL was nonreactive, ruling out syphilis. The 1gG to albumin ratio was 0.34
(reference range: 0.02-0.26) indicating an elevated CSF-IgG level, which is elevated in 60-75%
of patients with definite MS. Greater than 5 oligoclonal bands, which indicate the abnormal
synthesis of gammaglobulins in the central nervous system (CNS), were present in the CSF but
not in the serum sample. Myelin Basic Protein (MBP) was <2.0 mcg/L, which was interpreted as
negative.

Follow Up #1

The patient returned to clinic on August 30, 2016 for a previously scheduled repeat visual field
test and OCT scans. However, the patient reported she was not feeling well enough due to neck
pains to sit for the tests. She reported her vision felt improved. Visual acuity was measured at
20/15 for the right and left eye, uncorrected.

Follow Up #2

The patient presented to clinic on Sep 28, 2016 for HVF 30-2, optical coherence tomography
(OCT) and vision test. She reported she had discontinued her oral steroid taper on Sep 2, 2016.
She was seen by neurology and they did not diagnose any new problems. They ordered MRI for
her cervical and thoracic spine, but she had not gotten the scans yet. They prescribed 4mg
ondansetron (Zofran) for nausea and 20mg baclofen (Lioresal) for muscle spasm. She denied any
eye pain and vision loss since she was discharged from the hospital. She had been having a
headache since her lumbar puncture on August 26, but it had been improving and was less
constant. She reported an increased incidence of memory loss. She recalled prior history of
transient visual obscurations during exercise consistent with Uhthoff’s phenomenon that she had
previously attributed to possible low blood pressure or sugar. She had an appointment scheduled
with her neurologist on October 5, 2016.

Her entering VA without correction was 20/20 OD and OS at this visit. Her IOP measured
14mmHg OD and 15mmHg OS at 14:39 with the NCT. Her pupils and EOMS were normal, with
no APD, gaze restrictions, or pain, OU. Anterior and posterior segments were unremarkable OU,
undilated. C/D of the optic nerves were 0.15x0.15, OU, without hemorrhages or edema.

The HVF 30-2 SITA-Fast for OD (Appendix D) showed remarkable recovery of the dense
superior altitudinal defect at her initial presentation. There was still a relative nasal scotoma
slightly denser superiorly compared to inferiorly. GHT was still outside of normal limits. The
test was compromised by a high FP of 20%, so actual field results may be worse. The HVF 30-2
SITA-Fast for OS (Appendix E) was also marred by a high FP of 20%, a FN of 12%, and 3/13
fixation losses (FL). The left visual field showed a mild superotemporal defect, with a few points
of sensitivity loss; however, GHT was within normal limits this time.



The OCT of the optic nerves (Appendix F) showed a mild nasal swelling in the extracted
horizontal tomogram of right eye, otherwise, the retinal nerve fiber layer (RNFL) analysis for
both eyes were unremarkable. The ganglion cell analysis (GCA) of the maculae (Appendix G)
showed thinning in the nasal wedges, with borderline thinning in the inferior, superior, and
superotemporal wedges in the right eye. The macular scan of the left eye was misaligned, and
resulted in artifactual thinning in all 360 degrees.

Follow Up #3

The patient returned to clinic on Oct 6, 2016 for follow up. She denied any new episodes of eye
pain, vision loss, or muscle weakness. She saw her neurologist the day before, and he told her
she had more lesions in her spinal cord.

The MRI of her cervical and thoracic spine with and without contrast was done on Sep 29, 2016.
The radiologist found focal T2-weighted hyperintensities within the lower pontine tegmentum
and an irregular diffuse area of hyperintensity from C2 to C6 of spinal cord. The radiologist
assessed these abnormal, multilevel, scattered, central and dorsal spinal cord hyperintensities as
strongly supportive of the clinical diagnosis of multiple sclerosis.

The patient reported the neurologist wanted to start her on Gilenya, but she was waiting for
approval from the Tricare insurance. Her neurologist ordered John Cunningham virus (JCV)
antibody ELISA test, and the results came back positive.

The patient reported an increased level of stress due to her health and work. Her entering VA
without correction was 20/15 OD and OS. Her IOP measured 15mmHg OD and 17mmHg OS at
13:35 with the NCT. Her pupils and EOMS were normal, with no APD, gaze restrictions, or
pain, OU. Anterior and posterior segments were unremarkable OU, undilated. C/D of the optic
nerves were 0.10x0.10, OU, without hemorrhages or edema.

The HVF 30-2 SITA-Fast for OD (Appendix H) was much more reliable with 2/12 FL, 0%FP,
5%FN. The field further improved upon the recovery shown at the last visit, one week ago, and
GHT is now within normal limits. There were only a few scattered points of depressed sensitivity
remaining in the superonasal quadrant. The left HVF 30-2 SITA-Fast (Appendix I), however,
had 3/12FL, 0%FP, 8%FN, and had a mild decrease in sensitivity across the superior half of the
field compared to the inferior, resulting in the GHT being flagged as outside normal limits.
Overall, the sensitivity seemed stable to the previous field from the last week.

The OCT of the optic nerves (Appendix J) were relatively unremarkable OU. The previously
suspicious elevation in the right nasal extracted horizontal tomogram had subsided in this scan.
The ganglion cell analysis (GCA) of the right eye (Appendix K) showed thinning of ganglion
cell and innerplexiform layers in the superonasal half, borderline thinning in the infratemporal
half of the right macula, and relatively stability to the September 28 scan. The macular scan of
the left macula revealed a borderline thinning in the superotemporal and the superior sectors, but
overall a normal average and minimum thickness for that eye.



Follow Up #4

The patient presented to clinic on November 16, 2016 with complaints of new sustained
headache and eye pain. She was concerned about a relapse. The patient reported she saw her
neurologist last week, Nov 8, 2016, and started to keep a headache diary. Her neurologist had
started her on Zoloft 25mg for migraine and situational anxiousness. Her neurologist also
prescribed Gilenya 0.5mg daily pending evaluation by ophthalmology and cardiology for
contraindications. The patient said she saw ophthalmology on Nov 10, and evaluation was
normal without signs of any flare-up. She was still waiting for her cardiology and neurology
appointments scheduled for next week.

The patient reported her headaches used to last 4-5 hours, but starting two days ago, on Monday,
her headache persisted overnight. The pain would travel from her right upper forehead to the left
forehead. She also reported a tightness and pain in her left eye when she looks down and to the
left. She denied any fading of vision.

The patient entered with 20/15 VA, OD and OS, without correction. Her IOP measured 20mmHg
in both eyes at 08:16 AM with the NCT. Pupils were normal with no APD OU. Color vision with
HRR#4 was normal with 6/6 correct OD and OS. EOM revealed mild pain on lower left gaze OS
only. Undilated anterior and posterior examinations were unremarkable OU. C/D ratio for both
eyes were 0.15x0.15 without hemorrhage, edema, or pallor.

The HVF 30-2 SITA-Fast for OD (Appendix L) was completed with 2/12 FL, 2%FP, 5%FN.
The field showed small cluster of superonasal depression, with trace signs of progression
compared to Oct 6, 2016 field. GHT was assessed as outside normal limits. The HVF 30-2
SITA-Fast for OS (Appendix M) was completed with 0/13 FL, 3%FP, 1%FN. The field showed
a superotemporal wedge defect, with clusters of depression in the superonasal quadrant as well.
Slight progression from the Oct 6, 2016 field was evident.

The OCT of the optic nerves (Appendix N) remained relatively unremarkable OU. The ganglion
cell analysis (GCA) of the right eye (Appendix O) showed thinning of ganglion cell and
innerplexiform layers in the nasally, mild improvement of superior and superotemporal wedges,
and stable elsewhere compared to Oct 10, 2016 scan. The macular scan of the left macula
revealed a borderline thinning in the superotemporal wedge, but overall a normal average and
minimum thickness for that eye, stable to prior scans. Fundus photos (Appendix P) were also
taken for documentation.

A bilateral retrobulbar optic neuritis was suspected. The patient was advised to keep her
appointment with neurology regarding treatment and management of multiple sclerosis and any
relapses she may be experiencing. In light of her upcoming appointment on Monday, Nov 21,
2016 with her neurologist and the fact that there were no long term negative visual impacts from
withholding treatment, no treatment was intiated at this visit. The patient was advised to follow
up in a week for repeat of the field test and to return to clinic if symptoms worsen.



Discussion

Multiple Sclerosis (MS) is a chronic, inflammatory, progressive, demyelinating disease of the
central nervous system (CNS). In 2013, an estimated 2.3 million people worldwide had MS,
making it a leading cause of neurological disability among young people.***? The exact cause of
MS is still under debate; however, many risk factors have been identified to be associated with
the development of the disease. Autoimmune factors such as having higher than normal
autoreactive T and B cells that target myelin basic proteins (MBP) have been found in MS
patients. Genetic factors such as having a monozygotic twin with MS or having different human
leukocyte antigens (HLA) have been shown to be either protective against or detrimental towards
MS. A history of microbial infection such as the Epstein - Barr virus (EBV) that causes
mononucleosis has been found in >99% of MS patients compared to 90-95% of the general
population. A low level of vitamin D has been shown in different studies to be associated with
increased risk for MS; and inversely, high serum levels of vitamin D was associated with a lower
risk for MS. Smoking has also been associated with an increase in risk for MS. Being female of
childbearing age has been shown to have a twice or three times the rate of developing relapsing-
remitting form of MS compared to males. Environmental factors have been implicated in the fact
that certain regions of the world have a higher number of MS cases, such as North America and
parts of Europe. Furthermore, migration data have shown that childhood spent living in a region
where MS is more prevalent results in a higher risk for developing MS.1* Although the exact
etiology is still unclear, the pathophysiology is slightly better understood.

The signs and symptoms of multiple sclerosis are caused by the demyelination and in some
cases, the loss of axons in the central nervous system. In normal physiology, the lipid-rich
plasma membranes of oligodendrocytes form insulating sheaths, called myelin, around the axons
of the neurons in the CNS. The myelination of the axons allows for rapid propagation of nerve
impulses in a saltatory fashion. When the myelin or the oligodendrocytes are damaged,
conduction of nerve impulses is either reduced to 5 or 10% of normal speeds or inhibited
altogether. This damaged signal conduction manifests in a wide variety of clinical symptoms
including: optic neuritis, nystagmus, internuclear ophthalmoplegia (INO), vertigo, numbness and
tingling, paraparesis and spasticity, intention tremor, gait imbalance, incontinence, constipation,
fatigue, memory loss, and other cognitive, motor, and sensory impairments.*

The diagnosis of multiple sclerosis has evolved with the availability of new imaging
technologies. Previously, diagnosis has been largely a clinical one based on an idiopathic
syndrome consistent with inflammatory demyelination of the optic nerve, brain, and spinal
cord.A diagnosis of clinically probable MS was given if there was a new neurological symptom
plus clinical evidence of a lesion consistent with the symptoms. A clinically definite MS was
diagnosed if there were 2 attacks with evidence of 2 separate lesions.'®* New guidelines have
since emerged, such as the McDonald’s Criteria 2010 and the magnetic resonance imaging in
multiple sclerosis (MAGNIMS) 2015, resulting in earlier diagnosis at a higher sensitivity and
specificity.!* MAGNIMS published the updated diagnostic criteria in 2015 to determine disease
dissemination in space (DIS) and dissemination in time (DIT).

DIS is established if involvement is detected in 2 or more of the following areas of the CNS:°
e periventricular: >3 lesions



cortical-juxtacortical: >1 lesions
infratentorial: >1 lesions
spinal cord: >1 lesions

e optic nerve: >1 lesions
DIT is confirmed by either a new T2 hyperintense lesion not present on a previous scan
regardless of time between the scans, or the presence of an enhancing and a non-enhancing T2
lesion in a single scan.®®

The lesions typical of MS are either active or inactive plagues consisting of demyelinated axons.
Active plaques appear whitish-yellow or pink with indistinct borders on gross examination, and
are filled with T cells, macrophages, and plasma cells in histology studies. Older plaques appear
translucent with a greyish-blue hue, and have sharply demarcated margins on gross
examination.!* On MR, these acute lesions appear with less defined margins. A Gadolinium
contrast enhancement of these lesions on T1-weighted scans indicate the inflammation and
disruption of the blood-brain barrier (BBB). Chronic lesions, highlighted by T2 or FLAIR
sequences, are usually smaller with more distinct borders.!! On T1 scans, hypointensive lesions,
“black holes,” are an indicated of irreversible axonal loss or demyelination.!

The patient initially presented to clinic with an acute optic neuritis of the right eye, which could
have been an isolated, idiopathic event, a manifestation of Devic’s disease, or in this case, a
manifestation of multiple sclerosis. The prevalence of optic neuritis in North America is
approximately 115/100,000, and the incidence has been reported between 1/100,000 and
6.4/100,000 per year.! According to the ONTT, 46.9% of patients with acute optic neuritis had
an abornmal MR at presentation, and 26.7% of patients had two or more cerebral white matter
lesions.*® Those who presented with 3 or more lesions at the time of the optic neuritis attack had
a 78% chance of developing MS by 15 years.'’

In this case, the patient’s radiology report confirmed both dissemination in space and
dissemination in time of multiple sclerosis. There were multiple bilateral cerebral, cerebellar, and
brainstem T2-hyperintense foci as well as several lesions that enhanced postgadolinium. A
subsequent MRI of her cervical and thoracic spine also found focal T2-weighted hyperintensities
within the lower pontine tegmentum and an irregular diffuse area of hyperintensity from C2 to
C6 of spinal cord. Such findings of spinal cord lesions are common in over 90% of MS
patients.'! Interestingly, the MRI of the orbit in this case did not reveal any enhancements of the
optic nerve. A study by Kupersmith et al found that only 5.6% of acute optic neuritis did not
show any abnormal enhancements of the nerve on an MRI performed within 20 days of the
visual loss.'® Although less predictive of MS, the patient also presented with oligoclonal bands in
her CSF, which has been associated with 67.5% of clinically defined multiple sclerosis.*®

There are four subcategories of MS, based on the course of the disease. Relapsing-Remitting MS
(RRMYS) is the most common, affecting up to 85% of all MS cases. It is characterized by
episodic flare-ups (relapses) followed by periods of stability (remissions). Many RRMS sufferers
go on to develop a second form of MS known as secondary-progressive MS (SPMS), where
initial relapses and remissions are replaced by progressive worsening of conditions with minor
relapses, remission, and plateaus. A small percentage, 8%-10%, are affected by a primary
progressive form of MS (PPMS). These patients experience a gradual, but continuous decline in
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neurologic function from the onset. The rarest form of MS, progressive-relapsing MS (PRMS),
affects less than 5% of the patients is continuous progression of the disease with clear acute
relapses interspersed.'11:20

Treatment and management of MS is motivated by the following goals:**
1. To shorten acute relapses and limit their sequelae
2. To reduce the frequency of relapses and the accumulation of disability
3. To provide relief or modification of symptoms
4. To alleviate social and economic effects for the patient and their family

High-dose corticosteroids are the most effective for treatment and management of acute relapses
of MS. ONTT recommends 1000mg daily of IV methylprednisolone for 3 to 5 days, with or
without a short prednisone taper.'! For the remaining disease management goals, there are
currently 13 disease modifying drugs (DMDs) approved by the United State Food and Drug
Administration (FDA).*2

The first DMDs approved were the interferon B drugs. Interferon B modifies the production of
cytokines by the immune cells in favor of a more anti-inflammatory subset, and inhibits the
production of proinflammatory cytokines. These DMDs are administered either subcutaneously
or intramuscularly via injections on a set schedule. They have been shown to reduce the average
number of relapses each year (ARR) by 50% to 80%. Adverse effects of interferon 3 include flu-
like symptoms, depression, thyroid dysfunction, liver enzyme abnormalities, leukopenia, and
injection-site reactions. These drugs are all in pregnancy-category C. The currently approved
interferon B drugs include: Avonex, Plegridy, Rebif, Betasron, and Extavia.'?

Glatiramer acetate is another class of DMDs indicated for MS. It is a synthetic peptide that is
believed to promote the development of Th2-polarized GA-reactive CD4+ T-cells that are anti-
inflammatory. It has been shown to reduce relapse rates by 33% over a 2-year period. Adverse
effects include injecion site reactions, immediate post-injection reaction, and lipoatrophy. They
are pregngncy-category B drugs. Currently approved glatiramer acetate drugs are Copaxone and
Glatopa.!

Mitoxantron (Novantrone) is a potent T-cell, B-cell, and macrophage suppressor. It is a
pregnancy-category D drug with adverse effects including hair loss, cardiotoxicity, leukemia,
infertility, infection, leukopenia, anemia, nausea, vomiting, and thrombocytopenia.
Alemtuzumab (Lemtrada) depletes circulating B and T lymphocytes to allow a slow repopulation
from the unaffected hematopoietic precursor cells. Lemtrada has been shown to reduce ARR by
50%, and more patients remained in remission compared to those treated with interferon f3.
However, a serious side effect includes secondary autoimmunity.*2

Natalizumab (Tysabri) binds to leukocytes and reduces their migration across the BBB.1? One of
the more serious side effect of this drug is its association with progressive multifocal
leukoencephalopathy (PML).2* PML is a fatal disease caused by an opportunistic infection by the
John-Cunningham virus (JCV) in immunocompromised individuals.?? Testing for this viral
antibody is available to assess for the risk of PML. The patient in this case tested postive for the
Anti-JC virus antibodies.
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The first oral DMD, fingolimod (Gilenya) was approved in 2010. Fingolimod is a sphingosine-1-
phosphate (S1P) receptor modulator that prevents T cells from leaving the lymph nodes and
reducing peripherally circulating immune cells. In two pivotal studies involving fingolimod,
ARR was found to be lower than the interferon B group, and there were fewer T2 and
gadolinium-enhancing lesions at 12 months comparatively. The most common side effects
include headache, liver function abnormalities, viral infections, diarrhea, backpain, and cough.
Macular edema has been found in 0.5% of patients within 3-4 months of taking 0.5mg of
fingolimod. The patient in this case experienced a relapse at the start of the Gilenya treatment,
and was subsequently switched to Tecfidera.

Tecfidera is dimethyl fumarate (DMF). It works to activate nuclear factor-like 2 (NRF-2)
mediated antioxidative response pathways and results in natural anti-inflammatory response of
immune cells. In the Determination of the Efficacy and Safety of Oral Fumarate in Relapsing-
Remitting MS (DEFINE) study, 26% of the patients experienced a relapse compared to 46% of
the placebo group. Lymphopenia, a serious side effect possibly associated with PML, can occur
in up to 6% of the patients. The last FDA approved DMD is teriflunomide (Augabio), which
works to inhibit DNA pyrimidine synthesis in diving T and B cells. Studies show a longer time
to first relapse and a reduced ARR compared to placebo groups. Teriflunomide is classified as
pregnancy-category X due to signs of developmental toxicity in rodent studies.*2

Conclusion

Multiple sclerosis is a progressive disease affecting the central nervous system and the leading
cause of neurological disability among young adults. In 20% of multiple sclerosis, the first
manifestation is painful vision loss in form of optic neuritis. In those cases, the eye care provider
may be the first to discuss the diagnosis of multiple sclerosis with the patient. By understanding
the disease process and current treatment modalities, eye care professionals can help the patients
understand and manage the anxiety associated with the new diagnosis.
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