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What characteristic symptoms or
physical findings should alert
clinicians to the diagnosis of MS?
MS symptoms typically occur as a
consequence of focal inflammatory
plaques that cause functional areas
of neuronal loss or interruption of
critical axonal tracts. In most pa-
tients, focal lesions occur intermit-
tently and acutely, leading to a 
“relapse” or “flare” in which symp-
toms evolve over the course of days
and may last for weeks or months
before improving.

Because MS can affect nearly any
part of the CNS, clinical presenta-
tions vary widely. The most com-
mon clinical manifestations of a 
relapse are optic neuritis, myelitis,
and brainstem or cerebellar symp-
toms. Optic neuritis, or inflammation
of the optic nerve, often presents

with subacute visual changes vary-
ing from central or centrocecal sco-
toma to blindness in 1 or both eyes
along with pain with eye move-
ment. Ocular examination usually
reveals a reduction in visual acuity,
a visual field deficit, and a de-
creased ability to differentiate col-
ors. Examination of the pupil in
patients with unilateral optic neuri-
tis reveals an afferent pupillary de-
fect in which there is paradoxical
dilation of the pupil when light is
rapidly shifted from the unaffected
eye to the affected one. If the ante-
rior portion of the optic nerve is
involved, funduscopic examination
may also reveal papillitis (inflam-
matory changes of the optic disc).

Myelitis, or focal inflammation with-
in the spinal cord, usually manifests
as sensory or motor symptoms below
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Multiple sclerosis (MS) is an autoimmune condition that results in
inflammatory damage to the central nervous system (CNS). The
pathologic hallmarks of MS are diffuse and focal areas of inflam-

mation, demyelination, gliosis, and neuronal injury in the optic nerves, brain,
and spinal cord. In addition to affecting white matter tracts, MS results in
injury to the cortical and deep gray matter. The neurologic symptoms and
disability that patients with MS experience are a direct consequence of these
pathologic processes, resulting in acute and chronic disruption of white mat-
ter tracts and gray matter structures.

MS is the most common nontraumatic cause of neurologic disability in per-
sons younger than 40 years, with an estimated prevalence of 400 000 in the
United States (1). It occurs in a female–male ratio of 3 to 1 (1). The cause of
MS is multifactorial and is probably the cumulative result of multiple genetic
and environmental risk factors. Twin studies have shown concordance rates
between 20% and 30% in monozygotic twins and between 2% and 3% in
dizygotic twins (2). Genome-wide assays have identified risk alleles in genes
for major histocompatibility complex, interleukin-2 receptor, and inter-
leukin-7 receptor, among others (3, 4). Geographic location of residence be-
fore adolescence is also predictive of MS risk, with increased rates of the dis-
ease in northern and southern latitudes compared with equatorial countries.
Reduced sunlight exposure in these regions may explain some of this distri-
bution. Because ultraviolet radiation to the skin is the major source of vita-
min D synthesis, living in regions with low levels of seasonal sunlight is 
associated with an increased risk for MS in individuals with vitamin D defi-
ciency (5). Risk may also be influenced by exposure or lack of exposure to
particular infectious agents because antibodies against certain viruses (such 
as Epstein–Barr virus) are more frequently seen in patients with MS than in
those without it (6).

Diagnosis
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the affected spinal level. Some pa-
tients may also have a tight, band-
like sensation around the chest or
abdomen during the acute inflam-
matory process; Lhermitte sign
(shock-like sensations radiating
down the spine or limbs induced
by neck movements); and urinary
frequency, urgency, or retention.
Unlike other spinal cord processes,
MS tends to cause a partial
myelitis, so symptoms similar to a
full-cord transection are exceed-
ingly rare. Examination will often
reveal focal muscle weakness and
reduced sensation below the af-
fected spinal level. Muscle tone
can be flaccid in the acute setting,
but spasticity develops over time
in patients who do not recover
completely from the attack. Dis-
ruption of vestibular or cerebellar
pathways can lead to ataxia and
vertigo. Appendicular or truncal
ataxia can be seen on examination,
with dysmetria on finger-to-nose
testing and tandem gait dysfunc-
tion. Brainstem involvement can
cause eye movement abnormali-
ties, causing symptoms of diplopia
or oscillopsia (a sensation of jerk-
ing of the visual field). Disconju-
gate eye movements, nystagmus,
or an internuclear ophthalmople-
gia (inability to adduct one eye
and nystagmus in the abducting
eye) can be seen on oculomotor
examination.

In addition to the development of
acute or subacute focal symptoms,
patients with MS may have chron-
ic symptoms due to widespread
cortical demyelination and global
brain atrophy. Common manifes-
tations include cognitive dysfunc-
tion and mental and physical 
fatigue. Many patients with MS
also have Uhthoff phenomenon,
which is transient worsening of
baseline neurologic symptoms in
the setting of elevations in body
temperature. Electrical messages
travel more slowly in the context of
increased temperature, a biological
property that becomes clinically

evident in patients with prior de-
myelination-related injury to key
neural pathways. Uhthoff phe-
nomenon events (sometimes
termed “pseudorelapses”) are dif-
ferentiated from relapses in that
they do not represent new inflam-
matory events, do not require di-
rect treatment, and typically are 
alleviated in cooler temperatures
or after resolution of fever.

What are the historical
characteristics associated with
each subtype of MS?
The time course of the onset of
symptoms and their evolution is
critical to determining the clinical
subtype of patients with MS. Iden-
tifying and categorizing MS by
clinical subtype has important
treatment implications because
most treatments are specifically
geared toward the relapsing–
remitting form of MS (RRMS).

Approximately 85% of patients
with MS initially have RRMS, in
which neurologic symptoms come
in the form of repeated episodes of
relapse followed by recovery. Pa-
tients who do not meet the full 
diagnostic criteria for MS at the
time of a first relapsing event can
be said to have had a clinically 
isolated syndrome (CIS). Because
MS disease-modifying therapies
(DMTs) can increase the time
from first clinical relapse to a sec-
ond attack, it is important to cor-
rectly identify patients who either
meet the 2010 McDonald criteria
at the time of the first attack (and
thus can be diagnosed with MS)
or have a high likelihood of having
the diagnosis confirmed at a later
date. Patients with brain lesions on
magnetic resonance imaging
(MRI) scans at the time of CIS
have a 10-year risk of approxi-
mately 90% for meeting criteria
for MS diagnosis on the basis of
clinical or MRI evidence. Patients
who have an acute demyelinating
attack (such as optic neuritis or
transverse myelitis) without brain
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What are the McDonald criteria,
and how can they help clinicians
diagnose MS?
Given the lack of MS-specific diag-
nostic biomarkers, confirming the
diagnosis of the condition requires a
full assessment of clinical symptoms,
ancillary testing, and ruling out oth-
er conditions in the differential di-
agnosis. The McDonald criteria are
the official diagnostic criteria for
MS, providing guidance on the
proper integration of clinical and 
diagnostic evidence (10). For a diag-
nosis of RRMS, the McDonald cri-
teria require clinical evidence of
CNS demyelination disseminated in
space and time, which may be ob-
tained through documentation of
present and previous relapses and of
present and previous neurologic ex-
amination findings. MRI findings
also can satisfy criteria for dissemi-
nation in time and space if clinical
evidence does not suffice. In cases in
which the clinical evidence is strong,
less radiologic confirmation is nec-
essary according to these criteria. In
cases of early disease, in which the
clinical evidence is sparse, greater
radiologic confirmation is required.

The McDonald criteria can also be
used to make a diagnosis of PPMS.
The PPMS criteria require at least
1 year of neurologic disability pro-
gression plus at least 2 of the fol-
lowing: evidence of dissemination
in space on brain MRI scan, evi-
dence of dissemination in space 
on spinal cord MRI scan, or cere-
brospinal fluid (CSF) findings 
consistent with MS.

Proper application of the McDon-
ald criteria can also help differenti-
ate MS from other conditions and
can prevent unnecessary neurologic
testing and referrals. This is espe-
cially true with various common
conditions, such as migraine, mi-
crovascular ischemic disease, and
head trauma, that can also cause
white matter lesions on MRI scans
but do not cause lesions that meet
the McDonald criteria for location.

lesions have a risk of approximately
10% to 20% (7).

Symptoms of an MS relapse tend
to peak after a few days or weeks.
A period of recovery follows that
may last weeks or months. In the
first few years, many patients ex-
perience significant recovery of
previous functioning. However, as
time passes, recovery diminishes
and permanent disability can oc-
cur. In approximately 50% to 60%
of patients with RRMS, relapses
become infrequent or cease com-
pletely after a median of 10 to 15
years but neurologic deficits con-
tinue to accrue in a slowly pro-
gressive manner (8). This latter
stage of MS is termed secondary
progressive MS (SPMS).

Approximately 15% of patients
with MS will never have a relapse
but will have progressive disability
accumulation from the time of dis-
ease onset. This clinical phenotype
is termed primary progressive MS
(PPMS). This subtype often pres-
ents later in life, with the first
symptoms typically occurring in the
fifth or sixth decade. Disability ac-
cumulation can occur rapidly. Early
studies of the natural history of this
disease type implicated sex and age
at onset as predictors of rapid pro-
gression, but recent studies have
only supported early disability ac-
crual as a predictor of long-term
progression rates (9).

In addition to the classic MS 
subtypes, the recent increased
availability of MRI has led to the
occasional use of the term “radio-
logically isolated syndrome” to de-
scribe patients incidentally found
to have changes on MRI scans
that meet the diagnostic criteria
for MS but who have no history
or active symptoms suggestive of
MS. Radiologically isolated syn-
drome is a controversial entity,
and the long-term prognosis and
recommendations for or against
treatment are still being studied.
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What is the role of MRI in 
diagnosis?
MRI is the primary diagnostic and
prognostic tool in evaluation of pa-
tients with MS. The McDonald cri-
teria require confirmation of the 
condition based on MRI findings for
most cases. MS typically manifests
on MRI scans with findings of le-
sions within white matter regions,
which appear hyperintense on T2-
weighted images and hypointense on
T1-weighted images. These lesions
represent areas of demyelination and
gliosis. In addition, lesions that are
undergoing an active inflammatory
process with breakdown of the
blood–brain barrier will show en-
hancement with administration of
gadolinium contrast. The Figure
shows examples of each of the 
lesion locations emphasized by the
McDonald criteria (10): periventricu-
lar, juxtacortical, infratentorial (brain-
stem and cerebellum), and spinal
cord. A minimum of 2 lesions in 2 or
more locations is necessary for evi-
dence of dissemination in space. The
presence of both an asymptomatic
contrast-enhancing lesion and an
asymptomatic nonenhancing T2-
bright lesion at baseline or the devel-
opment of a new white matter lesion
or new contrast enhancement on a

follow-up scan can satisfy require-
ments for dissemination in time.

Although diagnostic criteria focus
specifically on the presence of le-
sions in white matter, other MRI
changes can be seen, including de-
myelinating lesions in the cortex,
cortical and deep gray matter atro-
phy, white matter structure atrophy,
and alterations in quantitative MRI
measures (such as magnetization
transfer imaging and diffusion ten-
sor imaging) in lesions and normal-
appearing white matter (11).

What role does lumbar puncture
play in diagnosis?
The McDonald criteria do not re-
quire confirmation of MS by CSF
testing for RRMS. For the diag-
nosis of PPMS, spinal fluid testing
is only necessary if MRI features
do not meet criteria for dissemi-
nation in space. However, CSF
testing can be a useful diagnostic
tool in cases where the diagnosis is
not clear. The presence of unique
oligoclonal bands in the spinal flu-
id by isoelectric focusing is found
in 90% to 95% of patients with
MS (12). An elevation of the IgG
index is also seen in 50% to 75%
of cases, and mild pleocytosis is
seen in about half of patients with

Figure. Examples of lesion locations emphasized by the McDonald criteria. The left image shows a sagittal, fluid-attenuated, inversion recovery
brain sequence showing periventricular (top arrow), juxtacortical (right-hand arrow), and infratentorial (bottom arrow) lesions. The center image is
a sagittal T1 image after administration of intravenous contrast. Lesions are typically either silent or dark on T1 imaging, but lesions that enhance
with contrast (arrow) do so because of active inflammation in the lesion. The image on the right is a sagittal T2 scan of the cervical spine showing
a lesion at approximately the C2 level (arrow).
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MS. Given the known sensitivity
of these tests, a negative CSF re-
sult alone cannot be used to rule
out the diagnosis of MS, but in
cases in which clinical and radiologic
suspicion is low, a normal CSF re-
sult helps reassure patients that
they probably do not have MS and
should prompt clinicians to ex-
plore other diagnoses.

When should clinicians consider
obtaining evoked potentials?
In cases where the clinical exami-
nation and MRI are unable to pro-
vide evidence of dissemination in
space, obtaining evoked potentials
can be useful in finding evidence of
subclinical demyelinating lesions.
Evoked potential tests are electro-
physiologic measurements of the
time it takes for nerves to respond
to stimulation. Reduced evoked
potential conduction velocity on
visual-evoked potentials detects
prior demyelination, even in pa-
tients who do not recall an episode
of optic neuritis (13). Brainstem
auditory–evoked potentials can
provide evidence of a lesion along
the acoustic and brainstem path-
ways. Somatosensory evoked po-
tentials can provide evidence of 
lesions in spinal sensory pathways.
Results of brainstem and spinal
cord potentials are less likely to be
abnormal than visual-evoked po-
tentials in patients with MS, and
care should be taken in interpret-
ing the results (13).

When should clinicians consider
obtaining optical coherence
tomography?
Optical coherence tomography
(OCT) uses near-infrared light to
measure the thickness of nerve fiber
layers in the retina. The retinal nerve
fiber layer (RNFL) is reduced after
optic neuritis (14), and reductions in
RNFL also can be seen in the eyes of
patients with MS who have not had
optic neuritis (15). It is important to
note, however, that RNFL thinning
is also a consequence of isolated optic
neuritis, is seen in patients with 

neuromyelitis optica, and can occur
in patients with compressive lesions
of the optic nerve. Thus, it is not a
specific test for MS but is useful in
further documenting dissemination
of MS disease activity in space in pa-
tients presenting with a first attack of
nonoptic neuritis.

In a study that compared OCT between 
69 healthy volunteers and 69 patients
with MS, RNFL measurements with a
modern, fourth-generation spectral do-
main OCT scanner were shown to have a
strong diagnostic discriminant function.
OCT in this validation set had a sensitivity
of 83% and specificity of 69% for differen-
tiation of patients with MS from healthy
control participants (15).

What are the differential
diagnoses?
Whenever the diagnosis of MS is
being considered, conditions that
mimic MS should be part of the dif-
ferential diagnosis. The various
rheumatologic, inflammatory, infec-
tious, and metabolic disorders that
can cause neurologic symptoms and
changes on MRI scans that are
sometimes incorrectly diagnosed as
MS are listed in Table 1. A compre-
hensive review of the patient’s med-
ical history, review of systems, and
physical examination can be helpful
in increasing or decreasing suspicion
for any such condition. Knowledge of
the other potential diagnoses in the
differential and how to distinguish
these from MS can help reduce mis-
diagnoses and inappropriate referrals.

When should clinicians consider
consulting with a neurologist or
other specialist for diagnosis?
Given the complexity of MS diag-
nosis, patients presenting with
symptoms of a demyelinating dis-
order should have MRI. If findings
suggest possible MS, a neurologist
should evaluate the patient to con-
firm the diagnosis or facilitate fur-
ther testing. For cases in which the
diagnosis is unclear or in whom
treatment has failed, second opin-
ions can be obtained from MS spe-
cialty clinics. 
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Differential Diagnosis of Multiple Sclerosis
Disorder Notes

Other demyelinating diseases
ADEM Monophasic, often postinfectious syndrome causing large, diffuse areas of inflammatory CNS 

demyelination, fever, and encephalopathy. More common in children, rare in adults.
Neuromyelitis optica (Devic disease) Antibody-mediated inflammation directed at aquaporin-4 channels in the CNS, resulting in 

inflammatory demyelination in the optic nerves and spinal cord. Can be differentiated from MS by 
NMO IgG antibody testing; lack of significant brain involvement; large, longitudinally extensive 
spinal cord lesions; and profound cerebrospinal fluid leukocytosis.

Idiopathic transverse myelitis Monophasic, often postinfectious syndrome causing spinal cord inflammation.
Systemic inflammatory disease Differentiated from MS by the presence of symptoms and findings unique to the underlying 

systemic disorder in addition to neurologic symptoms.
SLE Can present with white matter changes on MRI and encephalopathy.
The Sjögren syndrome Can cause an NMO-like disorder with optic neuritis and myelitis. Also can cause multiple cranial 

neuropathies and small fiber neuropathy.
Sarcoidosis Results in granulomatous inflammation in the parenchyma and meninges of the brain and spinal cord.
The Behçet syndrome Can cause brainstem abnormalities and encephalopathy and occasionally is associated with myelopathy.

Metabolic disorders
Adult-onset leukodystrophy Rare, adult-onset forms of leukodystrophy, such as adrenoleukodystrophy or metachromatic 

leukodystrophy, may cause white matter changes and progressive neurologic symptoms. Family 
history typically present.

Vitamin B
12

deficiency Can cause optic neuropathy, cognitive changes, and subacute combined degeneration of the spinal 
cord (spasticity, weakness, and vibratory and proprioceptive sensory loss).

Copper deficiency Can cause myelopathy identical to B
12

deficiency.
Zinc toxicity Can cause an acquired copper deficiency.
Vitamin E deficiency Can cause cerebellar ataxia.

Infections
HIV, Lyme disease, syphilis Can cause encephalopathy and myelopathy; can be diagnosed with appropriate serology and spinal 

fluid analysis.
HTLV Causes slowly progressive myelopathy with thoracic cord atrophy. Sometimes termed “tropical 

spastic paraparesis” because it is more common in patients in equatorial latitudes.
Vascular disorders

Sporadic and genetic stroke syndromes Microvascular ischemic disease can cause nonspecific white matter changes on MRI; age, other 
(hypercoagulability disorders) vascular risk factors, and findings on neurologic examination should help to distinguish it from MS.

CNS vasculitis Can be diagnosed by catheter angiography or tissue biopsy. Can present with both stroke-like changes 
on MRI and meningeal contrast enhancement.

The Susac syndrome Causes small-vessel arteriopathy, which causes dysfunction of the retina and cochlea and corpus 
callosum lesions on MRI.

Dural arteriovenous fistula Can cause spinal cord infarction or vascular congestion with cord lesions that can be confused with
MS lesions. Has a subacute clinical progression without remission or relapse.

Migraine Subcortical white matter lesions can occur in patients with migraine and are often confused with 
MS lesions. CADASIL should be considered a possible diagnosis in patients with a familial syndrome 
of migraine, subcortical strokes, mood disorders, and early dementia.

Neoplasia (i.e., primary CNS neoplasm Has progressively worsening symptoms and neuroimaging findings. When imaging cannot 
(glioma or lymphoma) or metastatic disease) differentiate neoplasms from demyelinating disease, brain biopsy is indicated.
Paraneoplastic syndromes May cause progressive cerebellar ataxia or myeloneuropathy (neuropathy affecting the spinal cord 

and peripheral nerves). Paraneoplastic limbic encephalitis can cause personality and mental status 
changes in addition to seizures and movement disorders. Metastatic evaluation and antibody testing
may lead to diagnosis.

Somatoform disorders Psychiatric disorders can sometimes present with neurologic-like symptoms that are due to somatization, 
conversion, and similar conditions. Neurologic workup is normal.

ADEM = acute disseminated encephalomyelitis; CNS = central nervous system; CADASIL = cerebral autosomal dominant arteriopathy with subcortical in-
farction and leukoencephalopathy; HTLV = human T-lymphotropic virus; MRI = magnetic resonance imaging; MS = multiple sclerosis; NMO = neuromyelitis
optica; SLE = systemic lupus erythematosus.
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Treatment
but treatment options for SPMS
and PPMS are limited. Because of
the lack of data supporting the use
of immunotherapy in patients with
progressive disease and because of a
poor cost–benefit ratio for these
patients, recent clinical guidelines
recommend against using immuno-
modulatory drugs in patients with
progressive MS (16).

Initiation of immunotherapy is 
indicated for most patients with
RRMS. All of the immunomodula-
tory drugs approved by the FDA
for use in MS have a designation
for treatment of RRMS. Initiation
of such therapies at the time of a
first MS attack is approved for
glatiramer acetate and interferon-β
products in patients who do not yet
meet the 2010 McDonald criteria
for MS diagnosis at the inciting
event but who are considered high-
ly likely to have future confirma-
tion. Data from formal trials are
lacking on the use of newer thera-
pies, but such evidence will proba-
bly emerge as the newer therapies
are studied at this early time point
in MS.

What medications are typically
used? What are their benefits,
potential harms, and costs?
First-line DMTs include immuno-
modulatory and immunosuppressive
medications that have been shown
to reduce the risk for relapse and
new lesion formation on MRI scans.
The first-line therapies of interferon-β

What is the overall approach to
treatment of patients with MS?
The care of patients with MS re-
quires a multidisciplinary approach
and a comprehensive strategy for
relapse management, prevention of
relapses, medication and nonmed-
ical approaches to management of
fatigue, and assessment of cognitive
functioning. It should also include
consideration of means to assist pa-
tients in maximizing daily function.
An increasing number of medica-
tions can reduce relapse rate, and
some may delay disease progres-
sion. Symptomatic management of
acute relapses and treatments for
fatigue, spasticity, and bladder dys-
function are also available. Use of
all of these tools has led to signifi-
cant improvements in the quality of
life of patients with MS. Although
it is hoped that reduction in in-
flammatory disease activity early in
RRMS will reduce risk for second-
ary disease progression, alleviation
of tissue injury through enhanced
repair and prevention of neurode-
generation are key priorities for
ongoing research.

What role does clinical subtype
play in guiding treatment
decisions?
As discussed in the Diagnosis sec-
tion, assigning a clinical subtype for
MS is a critical first step before ini-
tiation of any drug therapy. The
U.S. Food and Drug Administra-
tion (FDA) has approved many
medications for CIS and RRMS,

Diagnosis... MS is an autoimmune disease that can result in neurologic disability.
Patients with RRMS have relapsing symptoms, whereas those with PPMS and
SPMS experience progressive disability accumulation. The diagnosis of MS is made
by application of the revised 2010 McDonald criteria, which use a combination of
clinical history, physical examination findings, and radiologic findings to show
dissemination in disease activity over space and time. Additional testing, such as
lumbar puncture, evoked potentials, and OCT, is not required by diagnostic criteria
but can be helpful in evaluating for this diagnosis and in separating it from other
disorders in the differential diagnosis.

CLINICAL BOTTOM LINE
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Disease-Modifying Therapies for Multiple Sclerosis
Medication Route of Administration Potential Adverse Effects Recommended Monitoring Pregnancy 

Category*

Interferon β-1a Intramuscular Flu-like symptoms, CBC and liver function C
(2 formulations) or subcutaneous fatigue, depression, testing every 6 mo
and interferon β-1b injection increased spasticity, 
(2 formulations) transaminitis, and 

injection site reactions
Glatiramer acetate Subcutaneous injection Injection site reactions, None B

lipoatrophy of skin at 
injection sites, and rare 
systemic panic attack–
like syndrome

Natalizumab Intravenous Black-box warning of Rigorous, regimented, C
increased risk for PML. industry-sponsored 
Common adverse effects monitoring (TOUCHE 
of headache and chest program). JC virus 
discomfort. Rare hepa- antibody testing.
totoxicity, infusion 
reactions, and anaphylaxis

Fingolimod Oral Transaminitis, lymphopenia, Cardiac monitoring for C
increased risk for serious administration of first 
herpesvirus infection, dose; ophthalmologic 
hypertension, bradycardia screening; liver function 
(usually only with the first testing and CBC
dose), and macular edema

Dimethyl fumarate Oral Diarrhea, nausea, abdominal Monitor CBC frequently C
cramping, flushing, lympho- in the first 6 mo, 
penia every 6 mo thereafter

Teriflunomide Oral Alopecia, respiratory in- Monitor CBC, hepatic X
fections (including tuber- panel, amylase, lipase, 
culosis), pancreatitis, and blood pressure 
transaminitis, lymphopenia, frequently in the first 
hypertension, peripheral 6 mo, every 6 mo 
neuropathy thereafter

Mitoxantrone Intravenous Black-box warnings for Required monitoring of D
cardiotoxicity and acute cardiac function by echo-
myeloid leukemia. Other cardiography or multigated 
adverse effects include radionucleotide angiography 
infection, nausea, oral sores, before each infusion and 
alopecia, menstrual irregular- regular CBC
ties, and blue discoloration 
of urine

CBC = complete blood count; PML = progressive multifocal leukoencephalopathy.

*Pregnancy category definitions: B = fetal risk in animal studies but no adequate human studies or fetal risk in animal studies but adequate human studies
with no risk; C = fetal risk in animal studies and no adequate human studies, but potential benefit to pregnant women may outweigh risk; D = fetal risk in
human studies, but potential benefit to pregnant women may outweigh risk, X = Studies in animals or humans have demonstrated fetal abnormalities
and/or there is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience, and the risks involved in
use of the drug in pregnant women clearly outweigh potential benefits.

efficacy of the immunomodulatory
drugs for reducing relapse rates and
new lesion formation on MRI scans
and for preventing disability accumu-
lation, immunomodulatory drugs
should be initiated at the time of 
diagnosis.

Interferon-β
The interferon-β preparations 
(β1a and β1b) are immunomodula-
tory cytokines that shift immune 

and glatiramer acetate have been
shown to delay the time from a first
clinical attack to confirmation of
clinically definite MS (17, 18). The
FDA has approved 10 DMTs
(Table 2), each differing in its route
of administration, mechanism of ac-
tion, and potential adverse effects.
Choosing an appropriate therapy
from these options depends on pa-
tient tolerability, risk stratification,
and disease activity. Given the 
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responses toward a less autoimmune
phenotype and reduce the levels of
the matrix metalloproteinases used
by immune cells to break down the
blood–brain barrier. Interferon-β1a
is administered either once weekly
by intramuscular injection or 3 times
weekly by subcutaneous injection.
Interferon-β1b is administered every
other day by subcutaneous injection.
The interferons reduce relapse rates
by approximately one third com-
pared with placebo and have posi-
tive effects on disability progression
and MRI findings (19, 20).

Glatiramer Acetate
Glatiramer acetate, a copolymer of
4 amino acids, is administered daily
by subcutaneous injection. This
medication probably has several
mechanisms of action, including
modifying the binding activity of
major histocompatibility complex
molecules and altering the balance
of T-helper cell types. Glatiramer
acetate also reduces relapse rates by
one third compared with placebo
and is equivalent to the high-dose
interferons in head-to-head studies
(21). A recent combination trial of
glatiramer acetate added to inter-
feron-β did not provide added ben-
efit above either therapy alone (22).

Natalizumab
Natalizumab is a monoclonal anti-
body that is administered by once-
monthly intravenous infusion. Its
antibody target is the α4-integrin
cellular adhesion molecule on acti-
vated T cells, which inhibits bind-
ing to the vascular endothelium,
thus reducing activated immune
cell entry through the blood–brain
barrier into the CNS. Natalizumab
is a highly effective medication, re-
ducing relapse rates by approxi-
mately two thirds compared with
placebo and slowing disability pro-
gression by approximately 40%
(23). Despite its efficacy, natal-
izumab is limited to use as a sec-
ond-line agent because of the risk
for progressive multifocal leukoen-
cephalopathy (PML), a potentially

fatal demyelinating infection caused
by reactivation of the JC virus in the
CNS. This is more likely to occur in
patients with low CD4 T-cell counts
(such as occurs in patients treated
with natalizumab, those on long-
term immunosuppressive regimens,
or those with AIDS). The estimated
initial risk for PML in patients with
MS commencing treatment with
natalizumab is approximately 1 in
1000 but is significantly higher in
those who have previous exposure to
immunosuppressants or chemother-
apy and those with elevated serum
titers of antibodies against the JC
virus. In patients without either of
these risk factors, natalizumab con-
fers a risk for PML of less than 1 in
10 000 (24).

A 2-step enzyme-linked immunosorbent
assay serum test for JC virus antibodies is
an effective risk stratification tool for as-
sessing the viability of treating patients
with MS with natalizumab and for moni-
toring PML risk while the patient is receiv-
ing the medication. An assessment of the
sera of more than 1300 patients with MS
receiving natalizumab showed a sero-
prevalence of 50% to 60% positivity on this
assay. In an assessment of the sera of 
63 patients who developed PML while re-
ceiving natalizumab, antibodies to the JC
virus were present before PML diagnosis in
all cases. In those with a positive antibody
on screening or during treatment, the risk
for PML increased to approximately 3 cas-
es per 1000 patients and to 13 cases per
1000 patients if there was a history of 
immunosuppression (25).

Fingolimod
Fingolimod is a once-daily pill that
sequesters activated lymphocytes in
lymph nodes by modulating the
sphingosine-1–phosphate receptor.
It reduces relapse rates by approxi-
mately one half compared with
placebo and also reduces the risk
for disability progression and the
accumulation of new lesions on
MRI scans (26). Fingolimod re-
quires first-dose monitoring be-
cause of first-dose bradycardia that
occurs in most patients. It should
not be used in those with known
heart block or those receiving 
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β-blockers. Ophthalmologic exami-
nations are required because of a
risk for retinal macular edema.
Caution should be used when con-
sidering fingolimod in patients
with diabetes or in those with pre-
existing macular disease. An in-
creased risk for herpetic infection
has been reported, and all patients
should receive varicella vaccination
before treatment onset if they 
are not serologically shown to be 
varicella-immune.

Teriflunomide
Teriflunomide is a once-daily pill
that exerts an immunosuppressive
effect by inhibiting a mitochondrial
enzyme involved in pyrimidine
synthesis in rapidly dividing cells.
Compared with placebo, terifluno-
mide reduces relapse rates by one
third, in addition to reducing the
risk for disability and the accumu-
lation of lesions on MRI (27). Ter-
iflunomide is a class X medication
due to teratogenicity; thus, contra-
ception counseling is essential for
all female patients. Procedures for
“washing out” teriflunomide 
in patients who conceive or those
with toxicity require oral lavage
with activated charcoal.

Dimethyl Fumarate
Oral dimethyl fumarate exerts its
immunomodulatory effects by
modulating the nuclear factor–
like 2-transcriptional pathway.

In a recent clinical trial, the annualized
relapse rate of patients receiving di-
methyl fumarate, 240 mg twice daily, was
0.17 compared with 0.36 for placebo 
(P < 0.001). The relative risk reduction for
disability progression was 38% compared
with placebo (P = 0.005), and new lesions
on MRI scans were reduced compared
with placebo. On the basis of these data,
this dosing regimen was approved by the
FDA for use in patients with RRMS (28).

Mitoxantrone
Mitoxantrone is an anthracenedione
chemotherapy that exerts an im-
munosuppressive effect by reducing
lymphocyte proliferation. It has
been shown to reduce relapse rates

and is the only drug ever to show
success in reducing the rate of dis-
ability accumulation in patients
with SPMS. However, the risks for
cardiac toxicity and secondary
leukemia have significantly limited
its use (29).

The cost of MS treatment has sky-
rocketed in the past decade. As of
2010, MS therapies cost between
$37 000 and $48 000 per year in
the United States (30). Prescription
drug plans have mostly absorbed
this heavy cost burden, and the
pharmaceutical industry has spon-
sored copay reduction and free drug
programs for low-income and
uninsured individuals. Regardless,
the high cost of these medications
has called into question the cost–
benefit ratio of MS treatment (31).

When should clinicians consider
immunomodulatory therapy?
Given the efficacy of the im-
munomodulatory drugs for reduc-
ing relapse rates and new lesion
formation on MRI scans and pre-
venting disability accumulation,
these drugs should be initiated at
the time of diagnosis. In the past,
clinicians were encouraged to wait
until a clinically definite diagnosis
of MS could be established. How-
ever, given the high risk for conver-
sion to a definite diagnosis of MS
in patients with CIS and periven-
tricular brain lesions on MRI scans
and the data previously discussed
showing the efficacy of treatment
in this population, guidelines now
recommend initiating immuno-
modulatory treatment at the time
of first clinical symptoms for those
with RRMS and CIS with risk fac-
tors for later conversion to a defi-
nite diagnosis of MS (32).

What is the role of vitamin D?
Links between vitamin D deficiency
and the pathophysiology of MS
have been clearly established. Im-
munoregulatory vitamin D receptors
are present on T cells, and vitamin D
interacts with the immunomodulatory
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effects of estrogen and testosterone
(33). Reduced serum vitamin D lev-
els have been shown to predict accu-
mulation of new lesions on MRI
scans, and high vitamin D levels are
associated with decreased relapse
risk (34, 35).

Recently, a randomized trial of ad-
dition of vitamin D supplements to
interferon-β treatment showed that
vitamin D supplementation reduces
lesion accumulation on MRI scans
compared with placebo (36). Al-
though the ideal dosing and 25-
hydroxyvitamin D serum levels are
still unknown, most studies have
shown benefit for serum levels of
50 nmol/L or greater (37).

How should clinicians choose
therapy for patients who are
having an acute relapse?
MS relapses are defined by the de-
velopment of new or worsening
neurologic symptoms that have
lasted for 24 hours or more without
any clear underlying triggers of
pseudorelapse (for example, infec-
tion or change in body tempera-
ture). When a relapse has been
confirmed, the standard treatment
is high-dose corticosteroids. These
are typically administered as an in-
travenous infusion of methylpred-
nisolone, 1 g once per day for 3 to
5 days.

This dosing regimen was initially shown to
be efficacious in the original optic neuritis
treatment trial in 1992, in which patients
with optic neuritis were randomly as-
signed to high-dose intravenous methyl-
prednisolone, low-dose oral prednisone, or
placebo (38). Patients in the high-dose in-
travenous group had faster visual recovery
and fewer recurrences than those in the
placebo group, and patients in the oral
prednisone group had worse visual out-
comes than those in the placebo group.

Recent trials have shown equivalent
efficacy for MS relapses between
intravenous methylprednisolone, 
1 g/d for 5 days, and oral methyl-
prednisolone, 1 g/d for 5 days (39),
or oral prednisone, 1250 mg/d for 
5 days (40).

For relapses that do not respond to
treatment with steroids, plasma 
exchange has shown efficacy as a
rescue treatment (41). Other alter-
native rescue treatments are 5 days
of intramuscular or subcutaneous
adrenocorticotrophic hormone gel
(42) or pulse-dose intravenous cy-
clophosphamide (43).

When should a patient with MS
be hospitalized?
Most MS relapses do not require
hospitalization. Oral steroid treat-
ment does not require observation
in the hospital, and most insurance
plans cover home nursing services
for intravenous infusions of corti-
costeroids because this is more
cost-effective than hospitalization
for the procedure.

Hospitalization may be beneficial
for severe relapses causing complete
loss of mobility or impaired bladder
or bowel control (which can lead to
serious infection risks). Patients
who have marked worsening during
relapse require nursing and rehabil-
itation services, care that is often
beyond the capacity of their family.
Hospitalization may also be benefi-
cial for patients who require special
monitoring while receiving relapse
treatment (such as blood glucose
monitoring for steroid administra-
tion in a patient with diabetes).
Rescue treatment for steroid-
refractory relapses with adrenocor-
ticotrophic hormone gel does not
require hospitalization, but plasma
exchange or pulse-dose cyclophos-
phamide therapy should probably
be done in the hospital.

What treatments are used to
alleviate chronic symptoms?
To adequately treat a patient with
MS, it is important to use DMTs
and to address and alleviate the 
effect of symptoms that remain
chronic after previous relapses or
progression. These pharmacologic
and nonpharmacologic interventions
have the ability to increase the quali-
ty of life of patients with MS. Table 3
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provides a comprehensive review of
symptomatic management in MS.

How should clinicians monitor
patients being treated for MS?
Monitoring patients with MS
should involve regular assessments of
safety and efficacy of DMT. There
are no clear guidelines for monitor-
ing treatment efficacy; however, clin-
ical trials provide indirect guidance.
In these trials, DMTs have been
shown to reduce the chance of re-
lapse, new lesion formation on MRI,
and disability accumulation. Clinical
efficacy assessment should involve
cataloguing relapses, regular MRI
scanning, and neurologic examina-
tion. Clinicians should consider a
change in immunomodulatory treat-
ment in patients who have regular
relapses, lesion formation on MRI,
or disability accumulation.

Safety assessments are geared to-
ward the known adverse effects of
the immunomodulatory treatment

being used. Recommended moni-
toring tests are listed for each med-
ication in Table 2. 

What should clinicians do about
immunizations in patients with MS?
The American Academy of Neurol-
ogy clinical practice guidelines rec-
ommend regular immunizations for
patients with MS (44). This is based
on strong evidence that the risk for
MS relapses is significantly increased
in the weeks surrounding infectious
episodes. Furthermore, there is no
evidence that MS worsens as a con-
sequence of immunization with any
vaccines, including the influenza,
hepatitis B, varicella, tetanus, and
bacille Calmette–Guérin vaccines
(45). Special considerations should
be given, however, when using fin-
golimod. Because fingolimod de-
creases the ability to combat viral 
infections, the manufacturer has rec-
ommended that patients avoid the
use of live viral vaccines while receiv-
ing the drug.

Symptomatic Management in Multiple Sclerosis
Symptom Nonpharmacologic Management Pharmacologic Management

Spasticity Physical therapy, stretching, Baclofen (oral or intrathecal pump), 
massage therapy tizanidine, cyclobenzaprine, gabapentin, 

benzodiazepines, carisoprodol, botulinum
toxin

Neuropathic pain Not applicable Gabapentin, pregabalin, duloxetine, 
tricyclic antidepressants, tramadol, 
carbamazepine, topiramate, capsaicin 
patch

Fatigue Proper sleep hygiene, regular Modafinil, armodafinil, amantadine, 
exercise or amphetamine stimulants

Depression Individual or group counseling Antidepressants (such as SSRIs, SNRIs, 
tricyclic antidepressants, antipsychotics)

Cognitive dysfunction Cognitive rehabilitation and No proven therapy
accommodation strategies

Mobility Physical and occupational therapy, Dalfampridine
use of braces, canes, rolling walkers, 
electrostimulatory walk-assist 
devices

Urinary urgency/frequency Timed voids, avoidance of caffeine Oxybutynin, tolterodine
Urine retention Manual pelvic pressure, None

intermittent catheterization
Heat Intolerance Avoidance of hot weather, None

hot tubs, etc. cooling equipment, 
such as fans or cooling vests

Pseudobulbar affect None Dextromethorphan/quinidine
Limb tremor Occupational therapy Botulinum toxin

SNRIs = serotonin noradrenaline reuptake inhibitors; SSRIs = selective serotonin reuptake inhibitors
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ACP Smart Medicine module
http://smartmedicine.acponline.org/content.aspx?gbosId=256&result

Click=3&ClientActionType=SOLR%20Direct%20to%20Content
&ClientActionData=multiple

Access the American College of Physicians Smart Medicine
module.

Patient Information
www.nlm.nih.gov/medlineplus/multiplesclerosis.html
www.nlm.nih.gov/medlineplus/tutorials/multiplesclerosis/htm/index

.htm
www.nlm.nih.gov/medlineplus/spanish/tutorials/multiplesclerosis

spanish/htm/index.htm
Information on multiple sclerosis from the National Institutes

of Health MedlinePlus, including an interactive tutorial in
English and Spanish.

www.ninds.nih.gov/disorders/multiple_sclerosis/detail_multiple
_sclerosis.htm

http://espanol.ninds.nih.gov/trastornos/esclerosis_multiple.htm
Information on multiple sclerosis, in English and Spanish from

the National Institute of Neurological Disorders and Stroke
(NINDS).

Clinical Guidelines
www.neurology.org/content/76/3/294.full.pdf
Evidence-based guideline update on plasmapheresis in neurologic

disorders from the American Academy of Neurology in 2011.
http://onlinelibrary.wiley.com/doi/10.1002/ana.22366/full
Diagnostic criteria for multiple sclerosis: 2010 revisions to the

McDonald criteria from the International Panel on Diagnosis
of MS.

Diagnostic Tests and Criteria
www.ninds.nih.gov/disorders/misc/diagnostic_tests.htm
Fact sheet on neurologic diagnosis and testing from the

NINDS.
http://smartmedicine.acponline.org/content.aspx?gbosId=256&result

Click=3&ClientActionType=SOLR%20Direct%20to%20Content
&ClientActionData=mult

List of laboratory and other studies for multiple sclerosis from
ACP Smart Medicine.
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Treatment... Treatment of patients with MS involves prevention of relapses by use
of DMTs and vitamin D supplementation, use of acute treatments at the time of
relapses, and management of symptoms. DMTs are only approved for use in pa-
tients with CIS and RRMS because there is poor evidence for any benefit for
those with SPMS or PPMS. High-dose corticosteroids are the standard choice for
acute relapse treatment, although plasma exchange, adrenocorticotrophic hor-
mone gel, and cyclophosphamide can also be used in certain situations. Symp-
toms are managed on an individual basis through combined use of pharmacologic
and nonpharmacologic means.

CLINICAL BOTTOM LINE
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WHAT YOU SHOULD
KNOW ABOUT MULTIPLE
SCLEROSIS

What is multiple sclerosis (MS)?
• A chronic disease that affects the central nervous

system (brain, spinal cord, and optic nerves).
• MS causes the immune system to attack the protec-

tive covering that surrounds nerve cells (called the
myelin sheath).

• When myelin is damaged or destroyed, nerves can’t
function properly to deliver signals back and forth
from the brain to different parts of the body.

What are the symptoms?
• Blurred vision or other vision problems.
• Loss of balance and poor coordination.
• Tremors, numbness, or slurred speech.
• Partial or complete paralysis.
• Fatigue and problems with memory and concentration.
• Symptoms vary depending on the area of the body

where the myelin sheath is damaged.
• Symptoms may be permanent, or they may come

and go.

How is it diagnosed?
• Your doctor will perform a careful examination and

ask you about your medical history.
• No single test is available to prove or rule out MS.
• Blood tests may show signs of other illnesses that

cause symptoms similar to MS.
• Neurologic tests that check eye movements, speech,

muscles, balance, reflexes, and sensation can show
how well your nervous system is working.

• Spinal fluid from a spinal tap may show signs of MS
or rule out infection or other possible conditions.

• Magnetic resonance imaging takes a detailed picture
of your brain and spinal cord, where lesions that
suggest MS may be present.

How is it treated?
• Your doctor may prescribe medicine to relieve spe-

cific symptoms, such as pain, muscle stiffness and
spasms, fatigue, and bladder problems.

• Steroids, such as prednisone, can help reduce nerve
inflammation during flare-ups.

• Disease-modifying drugs, such as interferons or
glatiramer acetates, can slow disease progression.

• Physical therapy, occupational therapy, and speech
therapy can also help reduce symptoms.

• Lifestyle changes, including a healthy diet, being
physically active, and getting enough sleep, may also
be beneficial.

For More Information
www.nationalmssociety.org/about-multiple-sclerosis/newly-diagnosed/
index.aspx
Information and resources for patients with newly diagnosed MS

from the National Multiple Sclerosis Society.

www.nationalmssociety.org/about-multiple-sclerosis/what-we-know
-about-ms/treatments/index.aspx
www.nationalmssociety.org/about-multiple-sclerosis/what-we-know
-about-ms/treatments/medications/plasmapheresis-plasma-exchange/
index.aspx
www.nationalmssociety.org/about-multiple-sclerosis/what-we-know
-about-ms/treatments/rehabilitation/index.aspx
Information on the role of different treatments and rehabilitation

in managing MS.
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Questions are largely from the ACP’s Medical Knowledge Self-Assessment Program (MKSAP, accessed at 
http://www.acponline.org/products_services/mksap/15/?pr31). Go to www.annals.org/intheclinic/ 

to complete the quiz and earn up to 1.5 CME credits, or to purchase the complete MKSAP program.

1. A 45-year-old woman is evaluated for a
6-month history of severe, often
disabling, fatigue in the afternoon. The
patient has a 15-year history of multiple
sclerosis (MS). She states that her mood
is good and that she is not feeling
depressed or sad. She describes no
problems with her sleep, and her partner
reports no unusual movements or apnea
spells. In the morning, she feels well
rested. Medications are glatiramer
acetate, low-dose baclofen, and a daily
multivitamin.

Physical and neurologic examination
findings, including vital signs, are normal.

Results of laboratory studies show a
hemoglobin level of 12.9 g/dL (129 g/L),
a normal mean corpuscular volume, and
a serum thyroid-stimulating hormone
level of 1.3 µU/mL (1.3 mU/L).

Which of the following is the most
appropriate treatment of her fatigue?

A. Amantadine
B. Iron supplementation
C. Levothyroxine
D. Memantine
E. Substitution of an interferon beta for

glatiramer acetate

2. A 40-year-old woman is evaluated for
worsening MS. She has had three
relapses in the past year that were
treated with corticosteroids. A recent
MRI showed additional ovoid lesions
since diagnosis. The patient also has a
history of major depression treated with
paroxetine. She has taken glatiramer
acetate since MS was diagnosed 1 year
ago. The decision is made to change the
patient’s MS medication from glatiramer
acetate to natalizumab.

Physical examination findings, including
vital signs, are normal.

Results of laboratory studies are normal.

Which of the following is a potential
complication of her new therapy?

A. Dose-dependent cardiotoxicity
B. Flu-like symptoms
C. Progressive multifocal

leukoencephalopathy
D. Skin lipoatrophy
E. Worsening of her underlying

depression

3. A 29-year-old woman is evaluated in 
the emergency department for a 3-day
history of a shooting, electrical sensation
radiating down her back with neck
movements; a 1-week history of
progressively worsening numbness and
weakness of the right arm and leg; and a
3-month history of significant daytime
fatigue. Twelve years ago she had ocular
pain and blurry vision in the right eye for
1 week but never sought medical
attention. Her father had two strokes and
diabetes mellitus and her mother had
hypertension. The patient takes no
medication.

On physical examination, blood pressure
is 105/50 mm Hg, pulse rate is 80/min,
and respiration rate is 14/min. Weakness
of the right arm and leg is observed.
Testing of reflexes shows hyperreflexia
on the right side with an upturned toe.
Sensory testing reveals a loss of pinprick
sensation on the right side below the 
C5 dermatome. No visual field or
language deficits are noted.

On the basis of her history and clinical
findings, which of the following is the
most likely diagnosis?

A. Cardioembolic stroke
B. Cervical disk herniation
C. Complex migraine
D. Multiple sclerosis

4. A 45-year-old woman is evaluated in 
the emergency department for a 3-day
history of worsening leg spasms and pain
and urinary frequency and urgency. She
has a 10-year history of multiple
sclerosis characterized by mild leg
spasms and pain and started using a
cane 4 years ago. Medications are
interferon beta-1a, baclofen, pregabalin,
and extended-release oxybutynin.

On physical examination, temperature 
is 38.4°C (101.1°F), blood pressure is
105/65 mm Hg, and pulse rate is
108/min. Muscle spasticity and
hyperreflexia are noted bilaterally in the
lower extremities. The patient walks with
a slow, stiff-legged gait and needs the
assistance of a cane.

A urine dipstick test is positive for
leukocytes, leukocyte esterase, and
nitrite.

An ultrasound of the bladder shows a
postvoid residual volume of 200 mL.

Which of the following is the most
appropriate treatment?

A. A 3-day course of
methylprednisolone

B. A 7-day course of ciprofloxacin
C. Decrease the baclofen dosage
D. Increase the oxybutynin dosage
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