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Abstract Although multiple sclerosis (MS) is the most

common demyelinating disorder of the central nervous

system (CNS), it lacks any definitive diagnostic test.

Instead, diagnosis of MS primarily depends upon clinical

criteria, supported by abnormalities characteristic of MS on

para-clinical investigations including magnetic resonance

imaging of the brain and spine, in the absence of an

alternative explanation for underlying neurologic symp-

toms. While many of the potential disorders that may

mimic MS in routine clinical practice are either extremely

rare, or associated with specific and characteristic distin-

guishing diagnostic features, some inflammatory demye-

linating disorders of the CNS may be particularly

challenging to distinguish from MS, especially during

initial presentation. In particular, acute disseminated

encephalomyelitis, neuromyelitis optica, and idiopathic

transverse myelitis may closely resemble MS, impeding

prompt and accurate diagnosis. In this review, we describe

the clinical features, diagnosis, pathology, and treatment of

these other CNS demyelinating disorders. In addition, we

review relevant features of other CNS inflammatory dis-

orders that may mimic MS, including Sjögren’s syndrome,

systemic lupus erythematosus, Behçet’s disease, and pri-

mary CNS vasculitis.

Keywords Multiple sclerosis � Neuromyelitis optica �
Transverse myelitis � Acute disseminated

encephalomyelitis � Demyelination

Introduction

Multiple sclerosis (MS), the most common demyelinating

disorder of the central nervous system (CNS), character-

ized by multifocal areas of CNS demyelination dissemi-

nated in time and space, is diagnosed primarily on clinical

grounds in accordance with the revised McDonald criteria

[1]. Para-clinical investigations in MS, including magnetic

resonance imaging (MRI) of the brain and spinal cord,

serve as useful identifiers of abnormalities consistent with

and supportive of MS, rather than for definitive diagnostic

purposes, due to insufficient sensitivity and specificity

alone. An important component of diagnostic clinical cri-

teria for MS is the exclusion of alternative disorders that

may be responsible for underlying neurologic symptoms.

The differential diagnosis for MS includes an exhaustive

list of potential mimickers, encompassing infectious,

inflammatory, rheumatologic, metabolic, nutritional, and

degenerative entities. Notably, the majority of MS differ-

entials exhibiting dissemination in space, time, or both, are

either extremely rare and seldom encountered in routine

clinical practice, or are associated with specific and char-

acteristic distinguishing diagnostic features. As such, the

scope of this review will predominantly focus on other

neuro-inflammatory demyelinating conditions, which can

particularly confound the diagnosis of MS, namely acute

disseminated encephalomyelitis (ADEM), neuromyelitis
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optica (NMO), and idiopathic transverse myelitis (ITM).

Additional inflammatory differential diagnoses of MS,

including Sjögren’s syndrome, systemic lupus erythema-

tosus (SLE), Behçet’s disease (BD), and vasculitis will also

be briefly overviewed.

ADEM

ADEM is an uncommon disease lacking well-defined or

widely accepted diagnostic criteria. Conventionally,

ADEM is regarded as a monophasic illness, which occurs

in the post-infectious or post-vaccination setting and is

associated with multifocal demyelinating symptoms,

notably including encephalopathy or coma, as well as

seizures [2, 3]. Diagnosis, however, is not without a certain

degree of fallibility. There is sufficient clinical overlap

between ADEM and MS, such that ADEM and an initial

MS attack may be virtually indistinguishable. This is

especially the case when there is a lack of a clearly defined

and temporally associated infection (typically a viral

infection, often exanthematous and associated with a pro-

drome) or vaccination history.

While ADEM may occur at any age, it occurs most

frequently in younger patients, with a peak incidence in

children (mean age of onset 5.7 years), and consequently,

the majority of ADEM studies are conducted in the pedi-

atric setting. Annual incidence for patients less than

15 years of age is reported to be 0.64/100,000, with those

older than 10 years of age displaying lower rates of

encephalopathy [4]. Post-vaccination incidence varies,

ranging from 1:1,000 to 1:20,000, dependent upon the

vaccine administered, with measles vaccination being

associated with the greatest risk [5]. Precise incidence in

adults is more difficult to establish, but clinically adults

tend to experience fever, encephalopathy, and seizures less

frequently than children do.

Diagnosis

The proposed diagnostic criteria primarily aim to differ-

entiate ADEM and MS. Conventionally, ADEM is con-

sidered a clinically distinct entity from MS, as it is

typically monophasic and associated with symptoms not

typical of MS including encephalopathy or coma and sei-

zures, in addition to multiple other neurologic symptoms

common to both disorders. It is proposed that an initial

attack consistent with a demyelinating event with acute or

subacute onset, a stable to stuttering course, and concom-

itant encephalopathy should constitute a diagnosis of

ADEM (Table 1). The traditional monophasic course of

ADEM is now less rigorously emphasized, although new

symptoms occurring more than 1 month following a

remission of initial symptoms is considered more sugges-

tive of MS. Without occurrence of remission, new symp-

toms may continue to emerge over a 3-month period

following initial onset and continue to constitute a diag-

nosis of ADEM [2, 6]. While these clinical criteria may be

useful for most cases, there may still be some difficulty in

clinically distinguishing ADEM from conditions such as

Marburg variant MS, a fulminant monophasic demyelin-

ating disorder with large lesions and associated edema

often resulting in death months after onset.

There is considerable debate regarding recurrent or

multiphasic ADEM. A recurrence of the same symptoms

following resolution of the initial acute phase of the disease

is often termed ‘‘recurrent ADEM.’’ Previously existing

lesions may even enlarge or re-enhance with gadolinium

during this [6, 7]. However, multiphasic disease, charac-

terized by new or different symptoms beyond a 3-month

period from the initial event, typically results in ultimate

diagnosis of MS, regardless of the specific clinical symp-

toms. There are more recent suggestions that such patients

may have multiphasic ADEM, although the controversy

regarding this remains unresolved. These cases are perhaps

less confounding when the disease course is preceded by

recurrence of infectious signs, such as fever, or repeated

vaccination [6–8]. Clinically, multiphasic ADEM repre-

sents a potential major dilemma in the diagnosis of MS, as

one may expect a high degree of misdiagnosis between the

two groups, with unknown implications for long-term

management of both diseases.

MRI may be helpful in distinguishing ADEM and MS.

ADEM is classically associated with large, confluent, and

symmetric white-matter lesions (Fig. 1), whereas in MS,

lesions are more often sharply demarcated, round-edged,

and oval in shape [9]. Periventricular lesions are less fre-

quently seen in ADEM than MS, and there is more

homogeneous contrast enhancement in ADEM lesions

Table 1 Proposed diagnostic criteria for acute disseminated

encephalomyelitis

Subacute encephalopathy

Evolution over 1 week to 3 months

Accompanied by improvement or recovery (may have residual

deficits)

MRI with white matter lesions that:

Are acute (remote lesions with encephalomalacia cast doubt on

diagnosis)

Are typically multiple

Include at least one large lesion (1–2 cm in diameter)

Are supra- and/or infra-tentorial

May have gadolinium enhancement (not required)

May have basal ganglia lesions (not required)

Miller et al. [2]

802 J Neurol (2012) 259:801–816

123



[10]. More advanced imaging techniques, such as magnetic

resonance spectroscopy, have demonstrated elevation of

lipids and reduction of the myo-inositol:creatinine ratio

during the acute phase, followed by reduction in lipids and

increased myo-inositol:creatinine ratios in the chronic

setting [11].

Cerebrospinal fluid (CSF) findings are nonspecific in

ADEM, often with an elevated white cell count, protein

\100 mg/dl, and absence of oligoclonal bands [12, 13].

These findings may be similar to those seen in MS and are

less helpful in differentiating the two disorders. Notably,

CSF-specific oligoclonal bands are less frequently detected

very early in the course of MS than later.

In pediatric patients, anti-myelin oligodendrocyte gly-

coprotein (MOG) antibodies may assist in the diagnosis of

ADEM. While anti-MOG antibodies are not specific for

demyelination in adult patients, and have also been iden-

tified in healthy controls, anti-MOG antibodies are thought

to be specific for demyelination in the pediatric population,

with high reactivity being more suggestive of ADEM.

However, anti-MOG antibodies are considered insensitive

in both adults and children [14, 15].

Pathology

Differentiating ADEM and MS histologically can be ten-

uous, but there are some differences in the pathological

patterns between the two disorders [16]. The lesions in

ADEM typically spread radially outward from cerebral

vessels, with macrophages concentrated around the vessels,

whereas the plaques of MS are more discontinuous, with

macrophages more prominently seen at the plaque border.

Additionally, MS lesions have sharp, distinct borders while

those of ADEM are not as clearly delineated. With regards

to outcome, following the acute phase of ADEM there is

sparse, nonspecific gliosis without myelin loss, whereas

MS lesions remain present, even if they were not especially

active [17].

Treatment

With regards to therapy, there is limited controlled data,

but treatment is primarily limited to high-dose intravenous

steroids or plasmapheresis [18, 19]. Steroids are also

helpful in cases where there is cerebral edema, helping to

reduce inflammation and blood–brain barrier permeability.

For unknown reasons, a proportion of ADEM patients do

not respond to steroids, however. In these patients, plas-

mapheresis is often instituted with benefit. Intravenous

immunoglobulin (IVIg) is of questionable use [20–22].

Prognostically, there is limited controlled data available.

There is some evidence that patients with a history of

ADEM may subsequently develop deficits in attention and

executive function [23]. More diffuse lesions, especially

with cortical involvement, may indicate a worse prognosis

[24]. Additionally, some studies indicate that approxi-

mately 30% of patients diagnosed with ADEM will even-

tually progress to a diagnosis of MS [3, 25, 26].

Neuromyelitis optica

NMO is a relatively homogeneous disorder characterized

by demyelination of the optic nerves and spinal cord and

may be the most common non-MS demyelinating disease

of the CNS [27–29]. Although previously considered to be

a predominantly monophasic disease, it is now recognized

that the majority of NMO cases are relapsing [30, 31].

Fig. 1 Cerebral lesions in

ADEM versus MS. FLAIR

sequence MRI in a patient with

ADEM (a) compared to a

patient with MS (b). Lesions

associated with ADEM are

typically larger, more confluent,

with less distinct borders than

those seen in MS, which are

often smaller and more sharply

demarcated
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NMO is more common in females, with a female-to-male

ratio of 9:1. It has an overall prevalence as high as 4.4/

100,000 [30, 32].

Diagnosis

The diagnosis of NMO is made using clinical criteria, in

conjunction with radiologic and serologic testing, as pre-

viously proposed by Wingerchuk et al. (Table 2) [27].

NMO can be difficult to distinguish from MS, especially at

initial onset, as it can present with acute optic neuritis,

acute myelitis, or both. Additionally, brain lesions may be

seen on MRI in NMO. These lesions, however, are typi-

cally distinct from those seen in MS, frequently being more

linear and having a more limited distribution than MS

lesions, often restricted to the periventricular region [33].

Perhaps the most helpful tool for distinguishing NMO from

MS is the anti aquaporin-4 autoantibody, also referred to as

the NMO IgG antibody, which has a sensitivity of 50–75%

and a specificity of 90% for NMO [34, 35].

The myelitis seen in NMO (Fig. 2) is also typically

distinct from that of MS. It commonly manifests as a

complete transverse myelitis, often with incomplete

recovery, as compared to the myelitis of MS (Fig. 3),

which is most commonly a partial TM. Spinal imaging

often reveals longitudinally extensive transverse myelitis

(LETM) extending three or more vertebral segments in

length in NMO, although this has an extensive differential

in itself [27, 36]. The spinal lesions seen in MS are usually

two or less vertebral segments in length.

It is worth noting that LETM is commonly encountered in

Asians with the optico-spinal variant of MS (OSMS), in which

up to 59% of patients have extensive spinal cord lesions during

acute relapses [37]. OSMS accounts for 15–40% of MS cases

in Japan and may closely resemble NMO both clinically and

radiologically [38]. Further confounding differentiation

between NMO and OSMS, NMO IgG antibody may be

positive in up to 60% of OSMS patients [39, 40]. While the

similarities and potential differences between NMO and

OSMS require further clarification, OSMS should be consid-

ered in appropriate patient populations, as it may have thera-

peutic management implications [41].

Pathology

Pathologically, the lesions of NMO exhibit an antibody-

mediated inflammatory reaction, which may involve both

gray and white matter. They display marked edema, peri-

vascular and parenchymal infiltrates, necrosis, cavitation,

and perivascular immunoglobulin deposition [42, 43].

Aquaporin 4 antibody immunoreactivity is reduced or lost

in both spinal cord and brain lesions [44].

Treatment

Generally, NMO carries a poorer prognosis than MS.

Treatment of NMO should be aggressive and aimed at

Table 2 Proposed Wingerchuk diagnostic criteria for definite NMO

1: Optic neuritis

AND

2: Acute myelitis

AND

3: At least two of the following:

(a) Contiguous spinal cord MRI lesion extending three or more

vertebral segments

(b) Brain MRI not meeting diagnostic criteria for MS

(c) NMO IgG seropositive status

Wingerchuk et al. [27]

Fig. 2 MRI of NMO-associated myelitis. Sagittal T2-weighted MRI

of the cervical spinal cord demonstrates a longitudinally extensive

high signal intensity extending from C2 to T1 (a). Axial T2-weight

MRI through the cervical lesion demonstrating a complete myelitis

(b). Axial post-gadolinium T1-weighted MRI with enhancement

involving the entire cross-sectional area of the spinal cord (c)
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preventing additional relapses and subsequent disability.

Acutely, high-dose IV steroids are the standard treatment.

Long-term, systemic immunosuppression, such as azathi-

oprine or mycophenolate mofetil is the standard therapy

[45]. Rituximab, a targeted B cell depletion therapy, is also

being used with promising results [46, 47]. It has been

demonstrated to be well tolerated with repeated dosing,

resulting in a reduction in relapses of up to 88% and a

relapse-free rate of up to 70% after 2 years [48, 49].

Mitoxantrone, though a general immunosuppressant, may

preferentially target CD19? B cells, and thus, has also

been investigated as a potential NMO treatment [50–52]. It

has been shown to achieve a 75% reduction in annualized

relapse rate with 50% of patients remaining relapse free

[53]. In contrast to MS, interferon-beta therapy is not

effective in NMO and may actually exacerbate the disease

[45, 54].

NMO spectrum disorder

It is becoming increasingly common to encounter patients

afflicted with either recurrent optic neuritis or myelitis in

the setting of a positive NMO IgG. These patients do not

meet criteria for a diagnosis of definite NMO but are often

classified as NMO spectrum disorder. Many of these

patients also test positive for additional autoantibodies or

exhibit symptoms of other systemic diseases, frequently

Sjögren’s syndrome [55]. These patients are often treated

as if they have definite NMO [29, 56].

Idiopathic transverse myelitis

ITM, characterized by focal spinal cord inflammation

occurring over days to weeks with subsequent stability or

improvement, may be caused by a variety of disorders [57].

The true incidence of ITM is difficult to confidently

determine, given the inherent limitations of the diagnostic

criteria for ITM, but one study estimates an annual inci-

dence of 6/million in New Zealand between 2001 and

2005. If rates are adjusted to include all cases of both

complete and partial myelitis, the incidence increases to

approximately 25/million [58].

Although much of the data regarding ITM is pediatric,

ITM may occur at any age. In studies conducted preceding

the establishment of current diagnostic criteria, ITM

appeared to have peak onset between 10 and 20 years of

age, with a second peak at 30–40 years [59]. Since the

current diagnostic criteria were established in 2002, there is

less data available on age distribution, but overall mean age

of disease onset appears to be between 35 and 40 years [58,

60, 61]. Historically, it was regarded that ITM was evenly

represented in both males and females. However, several

recent studies suggest there may be a female preponder-

ance [58, 60, 62]. In pediatric patients, approximately 38%

occur prior to the age of 3 years, with cases equally dis-

tributed between males and females [63].

Diagnosis and risk of clinically definite MS

Clinical features of ITM relate to spinal cord dysfunction

and include motor, sensory, and/or autonomic deficits.

This may be particularly confounding with MS, since

myelitis is frequently the initial clinical manifestation of

MS. In these cases, clinicians must rely on clinical and

additional ancillary testing to guide appropriate diagnosis

and treatment. There are some features of ITM that may

assist in determining etiology and possibly predicting

individuals with risk for progression to clinically definite

MS.

Fig. 3 MRI of idiopathic

transverse myelitis. Sagittal T2-

weighted MRI of the cervical

spinal cord demonstrating

myelitis, which is less than two

spinal segments in length (a).

Axial post-gadolinium T1-

weighted MRI through the

cervical lesion demonstrating

enhancement in the left lateral

cord (b), more consistent with

partial myelitis
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First, it is helpful to distinguish between complete and

partial myelitis. The current diagnostic criteria, estab-

lished in 2002 by the Transverse Myelitis Consortium

Working Group [57], suggest complete myelitis, which

involves the complete cross-sectional area of the cord,

resulting in bilateral deficits below the level of the spinal

lesion, tends to be more consistent with ITM (Table 3).

Partial myelitis, while still acute or subacute in onset,

involves only a partial cross-sectional area of the spinal

cord, often manifesting as asymmetric motor or sensory

dysfunction, and is the more common form of myelitis

observed in MS. Patients presenting with a partial myelitis

have a 20–30% transition rate to clinically definite MS at

5-year follow-up, compared to only 2% of complete

myelitis patients [64–67].

Additionally, most cases of MS-associated myelitis

extend less than three spinal segments in length in the

longitudinal plane. This does not explicitly imply that all

patients presenting with longitudinally limited, partial

myelitis will develop MS, but rather, when MS patients

develop myelitis it most often adheres to this pattern.

Those with longitudinally extensive spinal lesions (three or

more spinal segments in length) should be evaluated for

NMO, as well as a variety of other disorders in the

appropriate clinical setting, including Sjögren’s syndrome,

BD, sarcoidosis, metabolic disturbances, and various

infectious agents. A complete discussion of the etiology of

TM is beyond the scope of this review and can be found

elsewhere [36]. However, once all alternative etiologies

have been evaluated, the majority of transverse myelitis,

whether partial, complete, or longitudinally extensive, will

remain idiopathic [65].

The classic clinical course of ITM is monophasic, but

recurrence has been documented in up to 25% of cases.

Recurrence may manifest as a repeat of the initial event,

expansion of previously noted lesions, or new discreet

lesions in the spinal cord. Relapsing cases have an

increased tendency to be longitudinally extensive, although

not every exacerbation will include this characteristic

[60, 68, 69].

Pathology

The exact immunologic mechanism underlying ITM

remains unclear. Given that an infectious process fre-

quently precedes TM, a microbial-related process has been

proposed to cause ITM [69]. While TM may certainly

result from direct spinal cord infection, ITM is thought to

primarily represent sequelae of either symptomatic or

asymptomatic infection precipitating exacerbation of a pre-

existing autoimmune process, polyclonal activation of B

cells, bystander activation of autoreactive T cells, or pos-

sibly molecular mimicry [70]. Histologically, biopsy

specimens from ITM demonstrate prominent perivascular

inflammation involving monocytes and lymphocytes, with

associated astroglial and microglial activation [71]. White

matter tract demyelination and axonal injury can also be

seen [72].

Treatment

Treatment of ITM is predominantly targeted at halting

inflammation, with long-term management focusing on

rehabilitation. Despite a lack of controlled clinical trials,

acute treatment primarily consists of high-dose intravenous

steroids, typically methyl-prednisolone [69, 73, 74]. In

those patients lacking an adequate response or who are

intolerant of steroids, plasmapheresis is often the next step,

with up to 42% of patients experiencing moderate to

marked improvement in symptoms following this [75, 76].

In severe cases, in which there is complete loss of senso-

rimotor function, improvement may be seen with the

combination of plasmapheresis and cyclophosphamide

[74]. Those with recurrent attacks of myelitis often undergo

further therapy with long-term immunosuppression.

Sjögren’s syndrome

Sjögren’s syndrome (SS), a highly variable clinical disor-

der, is an autoimmune condition characterized by mono-

nuclear infiltration and destruction of the salivary and

lacrimal glands, which accounts for the sicca symptoms

typically observed in SS [77]. Typically regarded a rheu-

matologic disorder, the initial presentation of SS may be

neurological in nature, such as acute optic neuritis or TM

[78]. Its neurologic manifestations, whether acute, relaps-

ing, or progressive, may even precede the development of

sicca symptoms. These factors highlight the variable clin-

ical course of SS, such that neurological involvement of SS

may be difficult to distinguish from MS or NMO. There is

such overlap in clinical and serologic characteristics

between SS and NMO that a Sjögren’s-NMO spectrum

disorder has been proposed, characterized by optic neuritis,

Table 3 Proposed diagnostic criteria for idiopathic acute transverse

myelitis

Sensory, motor, or autonomic dysfunction attributable to the spinal

cord

Bilateral signs and/or symptoms (may be asymmetric)

Clearly defined sensory level

Exclusion of compressive or other demyelinating etiology

Inflammation within the spinal cord demonstrated by CSF

pleocytosis or elevated IgG index or gadolinium enhancement

Progression to nadir between 4 h and 21 days following onset of

symptoms

Transverse Myelitis Consortium Working Group [57]
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myelitis, positive NMO IgG, in addition to positive SS

associated auto-antibodies including anti-Ro (anti-SSA)

and anti-La (anti-SSB) antibodies [79, 80]. The incidence

of primary SS has been reported at 4/100,000, with neu-

rological manifestations, commonly myelopathy, occurring

in 15–25% [81–83].

Diagnosis

Diagnosis as outlined by the European-American Diag-

nostic Criteria for Sjögren’s Syndrome consists of a con-

stellation of clinical symptoms, as well as an abnormal lip

biopsy or positive antibody testing [77]. Diagnosis can be

difficult when neurological symptoms predominate. It is

vitally important to maintain a high index of suspicion for

underlying SS, especially when there are concomitant sicca

symptoms or positive SS-associated autoantibodies. CSF

profiling in SS may demonstrate elevated protein, with

moderate pleocytosis. OCBs are uncommon in SS. There is

sufficient overlap between SS and NMO, with many SS

myelopathy patients testing positive for NMO IgG, that

some have proposed that the CNS manifestations of SS are

actually the result of concurrent NMO [79]. MRI findings

in SS myelopathy may be similar to those of NMO, often

being longitudinally extensive and gadolinium-enhancing

[78, 81].

Treatment

The initial acute treatment for SS with neurological

involvement is corticosteroids. Subsequent systemic

immunosuppression is then implemented to prevent relap-

ses, which often recur after discontinuation of steroids.

Methotrexate, azathioprine, and cyclophosphamide are all

commonly used for long-term management of SS [84, 85].

Prognosis in SS with neurologic involvement may be

similar to that of NMO, with known potential for the

development of severe morbidity following SS neurologic

relapses. Early aggressive treatment of SS with neurolog-

ical involvement is thus warranted.

Systemic lupus erythematosus

SLE is a common autoimmune disorder capable of mani-

festing with a diverse clinical spectrum, owing to its

capacity to affect multiple organ systems, including the

CNS. Estimates of neurological involvement vary widely,

ranging from 6 to 150/100,000, and are highly dependent

on sex and racial origin. Risk is significantly higher for

females, Asians, and African-Caribbeans [86]. The rate of

neurologic involvement is unclear, but ranges of between

14 and 90% have been reported [87].

The neurologic complications of SLE are highly vari-

able, with the capacity to affect any level of the nervous

system (Table 4). SLE may particularly confound the

diagnosis of MS since it may present with similar clinical

and radiological features. Historically, this has resulted in

terms such as lupoid sclerosis. However, pathologic studies

have helped to distinguish CNS lupus as a distinct disorder

without histologic evidence of demyelination [88]. Lupus

myelopathy, although it only occurs in less than 5% of

patients, is perhaps the most debilitating complication of

SLE [89–91]. Though this frequently occurs concomitantly

with other neuropsychiatric complications of SLE, it tends

to occur early in the course of disease, and may be the

presenting symptom in some cases. Clinically, lupus

myelopathy is usually acute and its prognosis tends to be

poorer than that of the other neurologic complications

associated with SLE. Pathophysiologically, lupus myelop-

athy may be associated with a thrombotic or vasculitic

component [91, 92].

Diagnosis

The diagnosis of SLE is typically based on the recom-

mendations of the American College of Rheumatology

(ACR) criteria, which require at least four out of 11 typical

features at some time in the course of disease [93]. It is

worth highlighting that the necessary features for consti-

tution of a diagnosis of SLE do not need to be present at the

same time. Thus, patients who fail to fulfill criteria for

diagnosis of SLE at disease onset may still have active

Table 4 Possible neurologic manifestations of systemic lupus

erythematosus

Central nervous system

Headache

Aseptic meningitis

Cerebrovascular disease

Demyelination

Movement disorders

Myelopathy

Seizures

Cognitive dysfunction

Psychosis

Mood disorders

Acute confusional state

Peripheral nervous system

Polyneuropathy

Cranial neuropathy

Acute inflammatory demyelinating polyradiculoneuropathy

Autonomic dysfunction

Mononeuropathy

Plexopathy
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SLE, and as such, a high index of suspicion for SLE needs

to be maintained in the appropriate setting.

Further complicating the diagnosis of neurolupus, sim-

ilar to MS, there is no definitive diagnostic test for neu-

rolupus. In conjunction with the clinical picture,

autoantibodies may be helpful in distinguishing SLE from

MS. However, these may be nonspecific and some, such as

the anti-nuclear antibody (ANA), may also be positive in

other conditions, as well as in some healthy individuals

[94]. Additional autoantibody testing which may be help-

ful, but not necessarily diagnostic or highly sensitive,

includes anti-double-stranded DNA, anti-ribonuclear P,

anti-sn ribonucleoprotein, anti-Sm, anti-Ro (SSA) and anti-

La (SSB), anti-histone, and anti-phospholipid antibodies

[95]. CSF analysis often yields mild and nonspecific

abnormalities in SLE, ranging from normal white cell

counts to granulocytic pleocytosis with elevated protein.

Hypoglycorrhachia may be observed early in the course of

lupus myelitis but is not typical of the other neurologic

manifestations of SLE [91, 96].

The imaging pattern of cerebral involvement in SLE

often reflects clinical findings and may be similar to that of

MS. Acute SLE lesions often enhance with gadolinium.

One consistently reported finding in chronic SLE is cortical

atrophy [97, 98]. However, this is also frequently seen in

MS and, thus, does not help discriminate the two disorders.

MRI of the spinal cord may reveal longitudinally extensive

lesions, sometimes involving the entire length of the spinal

cord in SLE [99, 100], an uncommon finding in MS.

Treatment

Though diagnosis may be difficult, differentiating SLE with

neurologic involvement from MS is vital, as SLE is treat-

able, and without treatment, it could be severely disabling

and even fatal. Treatment options for neurolupus are largely

based on case reports and small series. However, there is a

randomized trial suggesting that steroids plus cyclophos-

phamide is superior to steroids alone [101, 102]. Often

patients are transitioned to other immunosuppressants, such

as azathioprine, mycophenolate mofetil, methotrexate or

cyclosporine, for long-term maintenance [103, 104]. Plas-

mapheresis is also frequently attempted in severe cases.

Anti-thrombotic therapy has been advocated in some cases,

especially those with positive anti-phospholipid antibodies.

Early treatment of neurolupus is advocated, as there is

evidence that this may improve long-term prognosis [92].

Sarcoidosis

Sarcoidosis is a granulomatous disease of unknown etiol-

ogy capable of affecting multiple organ systems and

presenting with a wide variety of nonspecific symptoms.

The lungs are the most commonly affected organ system in

sarcoidosis, with the skin and eyes also frequently affected.

Common symptoms of pulmonary sarcoidosis include

cough and dyspnea on exertion. Pulmonary imaging typi-

cally demonstrates lymphadenopathy, often affecting the

hilar lymph nodes. CNS involvement (neurosarcoidosis)

occurs in 5–26% of sarcoid patients and may involve any

part of the neuroaxis [105–107]. The overall prevalence of

sarcoidosis in the United States is approximately

40/100,000 and is more frequently seen in northern Euro-

peans and African Americans [108]. It is estimated that the

prevalence of CNS sarcoidosis is 0.2/100,000 in Cauca-

sians [109].

CNS involvement in sarcoidosis most frequently

affects the leptomeninges. However, the most common

presenting symptom of neurosarcoidosis is cranial nerve

palsies. These occur in up to 50–75% of symptomatic

patients, with the facial nerve being most often affected

and the optic nerve the second most affected [110].

Optic nerve involvement in sarcoidosis may mimic the

optic neuritis commonly seen in MS. Ophthalmologic

examination in sarcoidosis may reveal papilledema,

papillitis, and/or optic disc atrophy [111]. Additionally,

intraparenchymal infiltration of granulomas may occur in

up to 50% of patients with neurosarcoidosis [112]. These

lesions may closely resemble MS plaques on MRI.

Myelitis, although relatively rare (\10% of patients),

may cause significant morbidity in neurosarcoidosis.

Sarcoid myelopathy is predominantly subacute or chronic

and may be monophasic, relapsing, or progressive

[113, 114].

Diagnosis

Diagnosis of neurosarcoidosis can be exceedingly difficult,

especially in the absence of systemic involvement. It is

important to maintain a high index of suspicion for

underlying sarcoidosis in patients with suspected inflam-

matory conditions, especially those with concurrent respi-

ratory or unexplained systemic symptoms. Even in those

without respiratory symptoms, when clinical suspicion is

high, it is worthwhile performing a CT thorax or CT-PET

scan to look for evidence of subclinical pulmonary sar-

coidosis or identification of extraneural areas that may be

amenable to biopsy. Blood tests, including serum angio-

tensin converting enzyme (ACE), are of little diagnostic

use. The most frequent abnormal laboratory finding in

sarcoidosis is an elevated C-reactive protein (CRP), which

is a nonspecific finding [114]. CSF analysis typically

reveals elevated protein, pleocytosis, and, in some cases,

hypoglycorrhachia. OCBs are present in a minority

of neurosarcoidosis patients. CSF ACE is normal in
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more than 50% of patients [114–116]. On brain MRI,

neurosarcoidosis lesions commonly enhance with gado-

linium and may involve the leptomeninges, which is not

typically seen in MS, or manifest as discreet parenchymal

lesions. On spinal MRI, lesions of sarcoid myelopathy are

centrally predominant and most often located in the cer-

vical or thoracic regions [114]. Definitive diagnosis can

only be made through biopsy, either of the CNS or another

affected organ system.

Treatment

Though there are a variety of treatment regimens utilized

for systemic sarcoidosis, few of these have been system-

atically evaluated in neurosarcoidosis. First-line therapy

consists of high-dose corticosteroids. Chronic treatment

involves transitioning to steroid-sparing systemic immu-

nosuppression with drugs such as methotrexate, myco-

phenolate mofetil, cyclophosphamide, cyclosporine, and

TNF-alpha inhibitors [117–120]. Prognosis and treatment

response in neurosarcoidosis are difficult to predict. How-

ever, patients with a progressive disease course tend to

have a worse prognosis.

Behçet’s disease

BD is a chronic, relapsing inflammatory disease of unclear

etiology characterized by aphthous stomatitis, genital

ulceration, and uveitis [121]. Arthropathy and thrombosis

are also common in BD. Neurologic involvement, known

as neuro-Behçet’s, is well documented, reportedly occur-

ring in approximately 5–50% of BD patients. BD is more

common in eastern Mediterranean countries and Japan; it is

rarely encountered in United States or Western European

populations [122]. Though the incidence of BD between

males and females in the third and fourth decades of life is

nearly equal, neurologic symptoms are four times more

common in males than females [123].

Neuro-Behçet’s is typically classified as parenchymal or

nonparenchymal disease. Parenchymal neuro-Behçet’s

includes meningoencephalitis, which accounts for approx-

imately 75% of cases, as well as basal ganglia and brain-

stem involvement. Nonparenchymal neuro-Behçet’s may

include cerebral venous thrombosis, intracranial hyperten-

sion, and intracranial aneurysms. Thrombosis often results

in secondary parenchymal manifestations [124]. Spinal

cord involvement is reported in up to 14% of neuro-Be-

hçet’s patients and is often subacute, progressive, and

longitudinally extensive [125–128]. The pathology of BD

myelitis is poorly understood. Biopsy and post-mortem

studies indicate that venous vasculitis may play an etio-

logic role [129].

Diagnosis

Since there are no definitive diagnostic tests available for

BD, diagnosis is based on clinical criteria proposed by the

International Study Group for BD, including recurrent

aphthous ulcers, which are a requisite for diagnosis, and

two additional criteria. The additional criteria may include

recurrent genital ulcers, uveitis, skin lesions, or a positive

pathergy test [121]. HLA type B51 has been identified in

up to 70% of Japanese and Turkish BD patients, but only

10–20% of afflicted Europeans [130]. In patients with

parenchymal involvement, CSF analysis may reveal pleo-

cytosis with either lymphocyte or neutrophil predomi-

nance, and elevated protein, ranging from 60 to 150 mg/dl.

In one BD series, the IgG index was found to be elevated in

73% of patients, while CSF OCBs were only demonstrated

in 16% of patients. Of those with OCBs, none had more

than two bands [126, 128, 131].

Imaging abnormalities in neuro-Behçet’s commonly

occur in the basal ganglia and brainstem. Abnormalities

typically consist of large, confluent lesions in the brain-

stem, which may extend into the basal ganglia. Findings

are bilateral in approximately one-third of patients. Addi-

tional brain abnormalities may include small, scattered,

nonspecific hyperintensities in the white matter [126, 132].

Spinal abnormalities, although relatively rare in neuro-

Behçet’s, are usually longitudinally extensive [133].

Treatment

There are no controlled trials of any treatment regimens in

neuro-Behçet’s, but standard treatment for acute symptoms

in neuro-Behçet’s typically include high-dose intravenous

corticosteroids. When initiated in the acute or subacute

phase, corticosteroids may result in complete resolution of

symptoms and imaging findings in many patients, espe-

cially those with cerebral and brainstem lesions. However,

patients with spinal cord involvement tend to have a more

aggressive, and typically progressive, disease course and

therefore have a worse prognosis than neuro-Behçet’s

patients without spinal cord involvement. Despite the lack

of large controlled trials, long-term immunotherapy has

been attempted with varying degrees of success in neuro-

Behçet’s with azathioprine, mycophenolate mofetil, inf-

liximab, and methotrexate [125, 134–136].

Primary CNS vasculitis

Primary CNS vasculitis (PCNSV) is a rare disorder char-

acterized by inflammation of the blood vessels in the brain

and spinal cord without evidence of vasculitis outside of

the CNS [137, 138]. Headache is the most common
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presenting symptom of PCNSV and in some instances,

although rare, may even be characterized by a thunderclap

headache. Cognitive deficits are also frequently seen in

PCNSV [139]. Strokes and transient ischemic attacks occur

in 30–50% of PCNSV patients, with several different

vessels being affected as opposed to a single vascular

territory [137, 140]. PCNSV affects the spinal cord in

approximately 5–14% of patients, and most frequently it is

preceded by, or occurs concurrently with, cerebral mani-

festations [140, 141]. Presentation may range from hyper-

acute to chronic. Peak incidence of PCNSV is in the late

30–50s and is more common in males [139, 142].

Table 5 Differentiating features of neuroinflammatory disorders

Disorder Clinical Laboratory MRI

Multiple sclerosis Acute relapsing or chronic

progressive

Isolated CNS involvement

OCBs often present in CSF (79–90%) Periventricular and juxtacortical

lesions ± enhancement

Typically well-demarcated ovoid lesions

May see T1 hypointensities (‘‘black

holes’’)

Spinal lesions usually B2 vertebral

segments, often only with partial cross-

sectional involvement of the spinal cord

Neuromyelitis

optica

Acute relapsing

Recurrent optic neuritis or

myelitis

Refractory nausea or hiccups

NMO IgG positive (56–73%) Typically few cerebral lesions, which may

be periventricular, especially in the

brainstem

Longitudinally extensive spinal cord

lesions usually C3 vertebral segments in

length

Acute disseminated

encephalomyelitis

Subacute monophasic

Post-infectious or post-

vaccination

Alteration of consciousness

Seizures

Typically OCBs absent in CSF

May be anti-MOG Ab positive in pediatric

population

Diffuse or multi-lesion enhancement

Lesions frequently have indistinct lesion

borders

Sjögren’s syndrome Acute relapsing or chronic

progressive

Sicca symptoms

Anti-SSA/SSB positive (50–60%)

NMO IgG positive in some

Rarely OCBs present in CSF

Spinal cord lesions often longitudinally

extensive (C3 vertebral segments in

length)

Systemic lupus

erythematosus

Acute or chronic progressive

Other organ system

involvement

Psychosis

Seizures

Infarcts

Positive ANA, anti-dsDNA Ab, anti-Sm

Ab, anti-snRNP Ab, anti-P Ab, anti-

histone Ab, and/or anti-phospholipid Abs

Restricted diffusion on diffusion weighted

imaging consistent with ischemic

infarcts

Cortical atrophy in chronic cases

Neurosarcoidosis Variable neurologic

presentation

Uveitis

Lung or skin involvement

± ACE (\50%) Nodular meningeal enhancement

Spinal cord lesions often longitudinally

extensive

Neuro Behçet’s

disease

Acute or chronic progressive

Meningoencephalitis

Cerebral venous thrombosis

Oral and genital ulcers

Positive pathergy test

HLA-B51 positive in Japanese and Turkish

population (70%)

Unilateral or bilateral upper brainstem

lesions extending into basal ganglia and

thalamus

Spinal cord lesions often longitudinally

extensive

Primary CNS

Vasculitis

Stroke or transient ischemic

attack like episodes in

multiple vascular

distributions

None Restricted diffusion on diffusion weighted

imaging consistent with ischemic

infarcts

Conventional angiography may reveal

vessel wall irregularities (50–60%)

CNS central nervous system, OCB oligoclonal bands, CSF cerebrospinal fluid, NMO neuromyelitis optica, MOG myelin oligodendrocyte

glycoprotein, ANA anti-nuclear antibody, dsDNA double-stranded DNA, snRNP sn ribonucleoprotein, Ab antibody, ACE angiotensin converting

enzyme
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Diagnosis

PCNSV often represents a diagnostic challenge, as it does

not have systemic manifestations. As with many of the

above conditions, a high index of suspicion is required.

PCNSV is a diagnosis of exclusion and should be consid-

ered in those patients with strokes in multiple vascular

territories, headaches with abnormal imaging, or unex-

plained neurological syndromes that lack any systemic

features. Complicating the diagnosis, laboratory studies are

frequently unrevealing, and the erythrocyte sedimentation

rate (ESR) may be normal in many cases. CSF analysis

may also be normal in PCNSV, although in some cases,

there may be marked protein elevation. Biopsy is consid-

ered the gold standard for diagnosis of PCNSV, with a

specificity of nearly 99%. However, biopsy sensitivity is

difficult to ascertain accurately. According to some reports

it may be as high as 50–75% when both the leptomeninges

and cortex are sampled together at the time of biopsy [138,

143]. Biopsy in PCNSV is thought to have a higher yield in

patients with both myelopathy and brain involvement than

in those with isolated brain involvement, possibly related to

more a disseminated and aggressive disease process [140].

MRI abnormalities in the brain in PCNSV are highly

variable and may include scattered ischemic-like T2 hyper-

intensities, intraparenchymal hemorrhages, gadolinium-

enhancing masses, or diffuse leptomeningeal enhancement

[144, 145]. These findings are not specific to vasculitis and at

times may resemble MS lesions. Conventional angiography is

often performed in patients with suspected CNS vasculitis to

evaluate for vessel wall irregularities characteristic of vascu-

litis. However, angiography is often negative, with a sensi-

tivity of approximately 50–60% and is not sufficient to exclude

the diagnosis. Angiogram abnormalities are less frequent in

patients with spinal cord symptoms [138, 141, 145–147].

Treatment

There are no randomized trials evaluating treatment

options, so management is based largely on small series

and observational studies, as well as clinical experience.

Treatment most often consists of corticosteroids, both

intravenous and oral, and cyclophosphamide. Other sys-

temic immunosuppression, such as azathioprine and my-

cophenolate mofetil, is occasionally used as well [148].

While many patients respond to treatment, residual dis-

ability is frequently reported. Relapses are common,

especially when oral steroids are tapered or immunosup-

pression weaned.

Alternative diagnoses

The differential diagnosis of MS is far too extensive for it

to be clinically and financially practical to routinely assess

each patient with suspected MS for every possible condi-

tion that is capable of mimicking it. Therefore, the clinical

presentation and associated features should always be

considered when determining appropriate diagnostic eval-

uation. Clinical history or features suggestive of further

systemic involvement may indicate one of the inflamma-

tory disorders discussed above (Table 5). Patients with

appropriate risk factors may warrant an infectious disease

evaluation, as human immunodeficiency virus (HIV), pro-

gressive multifocal encephalopathy (PML), human T

lymphotropic virus (HTLV), and neurosyphilis may result

in clinical and radiologic findings resembling MS. Addi-

tional disorders, all of which may result in CNS lesions

with dissemination in space and time—a key diagnostic

feature of MS, are listed in Table 6.

Conclusions

While an important aspect of the diagnostic criteria for MS

includes excluding alternative disorders, MS should not be

considered a classical ‘‘diagnosis of exclusion,’’ as it is a

diagnosis that should be actively sought out in suspected

cases, recognizing that the majority of patients presenting

with the typical clinical symptoms and ancillary testing

Table 6 Differential diagnosis for central nervous system lesions disseminated in space and time

Inflammatory MS, NMO, ADEM, ITM, SLE, Sjögren’s syndrome, Behçet’s disease, neurosarcoidosis, Wegener’s granulomatosis,

CNS vasculitis, Susac’s syndrome

Infectious HIV, HTLV, neurosyphilis, PML, neuroborreliosis, Whipple’s disease

Metabolic Vitamin B12 deficiency, porphyria

Degenerative Mitochondrial encephalomyopathy, hereditary spastic para-paresis, Fabry’s disease, leukodystrophies

Vascular CADASIL, anti-phospholipid antibody syndrome, multiple emboli, small vessel disease, migraine

Neoplastic Metastases, lymphoma

MS multiple sclerosis, NMO neuromyelitis optica, ADEM acute disseminated encephalomyelitis, ITM idiopathic transverse myelitis, SLE
Systemic lupus erythematosus, HIV human immunodeficiency virus, HTLV human T lymphotropic virus, PML Progressive multifocal leuko-

encephalopathy, CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
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suggestive of MS will in fact have MS. However, consid-

ering and evaluating patients with suspected MS for

alternative etiologies for their neurologic presentation

remains imperative, as this may have significant treatment

decision and prognostic implications.
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disease manifestations, management, and advances in treatment.

Nat Clin Pract Rheumatol 3(3):148–155

131. Siva A, Kantarci OH, Saip S, Altintas A, Hamuryudan V, Islak

C, Kocer N, Yazici H (2001) Behçet’s disease: diagnostic and
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