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Abstract

Introduction Neurologic disorders with autoimmune dysreg-

ulation are commonly encountered in the critical care setting.

Frequently encountered diseases include Guillain–Barré

syndrome (GBS), myasthenia gravis, multiple sclerosis,

acute demyelinating encephalomyelitis, and encephalitides.

Immunomodulatory therapies, including high-dose cortico-

steroids, plasmapheresis, and intravenous immunoglobulins,

are the cornerstone of the treatment of these diseases. Here

we review the efficacy and side effects of immunomodula-

tory therapies commonly utilized in critically ill neurologic

patients in the intensive care setting.

Methods Search of Medline, Cochrane databases, and

manual review of article bibliographies.

Results The efficacy of high-dose corticosteroids, plas-

mapheresis, and intravenous immunoglobulins have been

studied extensively in GBS, myasthenia gravis, and demy-

elinating disorders such as multiple sclerosis and acute

demyelinating encephalomyelitis. For these diseases,

however, the duration of treatment, dosing regimens, and

choices among different therapeutic modalities remain

controversial. For many of the other diseases (e.g., encepha-

litis and status epilepticus of autoimmune etiology) discussed

in this review, evidence is limited to small case series.

Conclusions There is good evidence for the efficacy and

tolerability of immunomodulatory therapies in GBS,

myasthenia gravis, and acute central nervous system

demyelination, though data to establish superiority of one

therapeutic regimen over another remains lacking. For

most other conditions, the data for immunomodulatory

therapies are limited, and further research is required.
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Introduction

Neurologic disorders with autoimmune dysregulation as a

central feature are an important indication for admission to

critical care units. At one large Neurosciences Critical Care

Unit, for example, admissions for non-vascular and non-

traumatic etiologies comprised 30% of 1,155 consecutive

admissions; of these admissions, about one-third had a

primary autoimmune etiology (Guillain–Barré syndrome,

myasthenia gravis, multiple sclerosis, acute demyelinating

encephalomyelitis) and one half had a disease process in

which autoimmunity may play a substantial role (enceph-

alitis/meningitis, status epilepticus) [1]. Many of these

diseases are treated with high-dose corticosteroids, plas-

mapheresis, or intravenous (IV) immunoglobulins. We will

briefly review the mechanism of action and side effects of

these medications and then critically appraise the use of

immunomodulatory therapies in the treatment of neuro-

logical diseases commonly encountered in the critical care

setting.
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Corticosteroids

Corticosteroids are thought to act through genomic and

non-genomic mechanisms; the genomic effects are medi-

ated by the cytosolic glucocorticoid receptor while the non-

genomic effects are likely the result of interactions with

receptors on the cell surface. While the non-genomic

effects are more rapid, the net effect of both pathways on

the immune system is to decrease inflammation by

immunosuppression and decreased proliferation of

inflammatory cells [2]. Side effects of corticosteroids are

well known, but a few features specific to their use in

neurologic disease deserve mention. The dosages used for

many diseases—typically methylprednisolone 1 g/day for

3–5 days (equivalent to 1,250 mg/d of prednisone)—are

much higher than for non-neurologic indications. Well

known side effects include cognitive disturbances (agita-

tion, psychosis), gastrointestinal ulcers, myalgia, and

arthralgia. In critically ill patients, particularly those

exposed to neuromuscular blocking agents, there is an

increased risk of critical illness neuropathy and/or myop-

athy [3]. There have also been theoretical concerns

regarding an increased risk of infection; however, there

does not appear to be a clinically relevant increase in

infections in a variety of different disease states [3–5].

Plasmapheresis

Plasmapheresis eliminates circulating immunoglobulins

and immune complexes directed at components of the

central and peripheral nervous system. The technique

involves separation of plasma from the cellular elements of

blood, either by centrifugation or through permeable filters.

Filter pore diameters measure up to 0.2 lM, resulting in

filtration of substances up to a molecular weight of

approximately 3 9 106 Da. Because filtration results in

hemoconcentration, replacement solution is necessary for

the plasma discarded during plasmapheresis. The most

common choices are fresh-frozen plasma (FFP) or combi-

nations of colloid and crystalloid (albumin, albumin and

saline, or albumin and plasma expanders) [6]. While FFP is

preferred for certain diseases (hemolytic-uremic syndrome,

thrombotic thrombocytopenic purpura), for neurological

indications colloid solutions are generally chosen due to

cost and relative paucity of side effects. FFP is associated

with a variety of adverse reactions, including severe side

effects such as transfusion-associated lung injury and

anaphylaxis. The incidence of adverse reactions from

replacement with FFP is more than 10 times that of albumin

replacement (20 vs. 1.4%) [7]. Because plasmapheresis can

decrease levels of clotting factors, patients at high risk for

bleeding are an exception; in such patients, use of FFP is

recommended. Plasmapheresis is generally administered as

5–6 exchanges (daily or every other day) of 1.0–1.5 plasma

volumes per treatment with albumin as the typical

replacement fluid. Plasmapheresis has been shown to

reduce IgG, IgM, and total compliment levels by 63.4, 68.9,

and 57.1%, respectively, after one exchange and 80.1, 79.5,

and 59.7% after five [8].

Other complications of plasmapheresis relate to the need

for central venous access as well as to the technique itself.

Generally, plasmapheresis requires a temporary hemodi-

alysis catheter placed in the subclavian or internal jugular

vein. Risks include infection, hematoma, and pneumotho-

rax. Hypotension is relatively common, although a

decrease from baseline of more than 15% is generally

avoided by use of continuous filtration systems. Patients

with autonomic nervous system involvement or pre-exist-

ing hypotension, however, are at risk for symptomatic

hypotension [9]. Because of hemoconcentration, anticoag-

ulation with either heparin or citrate is often necessary.

Both may cause bleeding, and heparin both systemically

and within the filtration system can result in heparin-

induced thrombocytopenia. Citrate can cause hypocalcemia

and metabolic alkalosis. Plasmapheresis may also result in

reduction of drug levels, particularly of those drugs which

are not highly protein bound as well as reduction in IgG

levels (>80% reduction from pre-treatment).

Intravenous Immunoglobulins (IVIG)

IVIG consists of purified immunoglobulins from the pooled

plasma of up to 100,000 healthy human donors. The ben-

eficial effects of IVIG are multifaceted, but likely include

modulation of the Fc receptor by enhancing expression of

the inhibitory IgG Fc receptor IIB, interference with

complement activation, modulation of pro-inflammatory

cytokines, alteration of both T and B cell activation and

proliferation, and decrease in inflammatory cell adhesion

and diapedesis [10–12].

Overall, adverse reactions occur in less than 5% of

patients. Common reactions include headache, chills, and

myalgia which may be pretreated with ibuprofen. Chest

discomfort within the first hour after infusion is non-cardiac

in origin and generally resolves when the infusion is stop-

ped for 30 min. Afterward, it is often possible to avoid this

side effect by decreasing the infusion rate [10]. Self-limited

aseptic meningitis occasionally occurs 48–72 h after the

first dose. Serious reactions are generally uncommon.

Venous or arterial thrombo-embolic events due to transient

hyper-viscosity have been reported at a rate of between 0.15

and 1.2% per treatment course [13]. This risk may be lim-

ited by slower infusion rates [14, 15]. Renal failure due to

tubular damage induced by sucrose may result in a
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reversible increase in creatinine with incidence peaking at

about 5 days after initiation of therapy [15]. Although IgG

predominates, trace amounts of IgA may be present which

rarely results in anaphylaxis in IgA deficient individuals and

some centers require determination of IgA levels to rule out

IgA deficiency prior to the initiation of IVIG therapy.

Immune-Mediated Neuropathies

Guillain–Barré syndrome (GBS) is characterized by auto-

immune demyelination and/or axonal destruction of the

peripheral nerves. Current primary criteria for diagnosis

include progressive weakness (classically ascending) and

areflexia [16]. Supportive of the diagnosis are progression

to nadir in <4 weeks, relative symmetry, elevated cere-

brospinal fluid (CSF) protein with <10 WBC, and features

of slowed nerve conduction or conduction block on nerve

conduction studies [16]. The world wide incidence is

estimated at 1.3/100,000 with a male predominance [17].

As many as 30% of patients will require ventilatory support

[18] and up to 65% will demonstrate autonomic dysfunc-

tion [19]. Mortality is approximately 5–10% [18] and about

65% of patients recover fully or with minimal deficits [20].

The immunopathogenesis of GBS likely involves sev-

eral mechanisms, including molecular mimicry of myelin

components by infectious agents (including Clostridium

jejuni), antiganglioside antibodies, compliment activation,

and host factors [21]. The axonal forms of GBS (acute

motor axonal neuropathy (AMAN) and acute motor and

sensory axonal neuropathy (AMSAN)) represent 5–10% of

cases in North America and are associated with antibodies

to GM1, GD1a, GM1b, and GalNAc-GD1a [22]. These

variants have a more severe course, increased rate of

ventilator dependence, and poorer long-term outcome [21,

23]. GBS with cranial nerve involvement (Miller–Fisher

syndrome) is associated with GQ1b, GT1a, GD1b, and

GD3 antibodies [22]. Once they bind to their respective

epitopes, anti-ganglioside antibodies cause complement

activation with variable destruction of the Schwann cell,

myelin, and the underlying axon [24, 25].

The efficacy of plasmapheresis was established by the

North American Plasma Exchange study in 1985, and

confirmed by a later French trial [26, 27]. A Cochrane

meta-analysis of six randomized controlled trials (RCTs)

evaluating plasmapheresis with a total of 649 participants

demonstrated a reduction in time to onset of motor

recovery from 10 to 6 days and time to walking without aid

from 85–111 to 53–70 days. Plasmapheresis decreased the

likelihood of requiring mechanical ventilation (RR 0.53,

95% CI: 0.39–0.74) and decreased total ventilator time by

5.09 days. The odds of full motor recovery at one year

were significantly greater (RR 1.24, 95% CI: 1.07–1.45).

Treatment was effective when started up to 30 days from

onset but most effective if started within 7 days [28, 29].

Six trials of IVIG in GBS with 536 participants have

been performed. A Cochrane review reported that IVIG

and plasmapheresis are equally efficacious in severe dis-

ease [30]. One trial of plasmapheresis followed by IVIG

failed to demonstrate incremental benefit [31].

Corticosteroids have also been evaluated in six trials

(587 participants) which have consistently shown a trend

toward poor outcomes with oral corticosteroids and no

significant effect of IV corticosteroids [32].

American Academy of Neurology guidelines conclude

that plasmapheresis and IVIG are equally efficacious.

Based on level I evidence (Table 1), plasmapheresis is

recommended for non-ambulatory patients presenting

within 4 weeks and ambulatory patients presenting within

2 weeks. A typical regimen would be 5–6 1.0–1.5 volume

exchanges over 7–10 days. IVIG (typically 0.4 g/kg q 24 h

for five doses) is recommended for non-ambulatory

patients presenting within 2 (and possibly, up to 4) weeks.

Oral and IV corticosteroids are discouraged [33].

Chronic inflammatory demyelinating polyradiculoneu-

ropathy (CIDP) is a progressive, relapsing neuropathy

Table 1 Summary of levels of evidence and recommendations for immunomodulatory therapies in critically ill neurologic patients; AHA

classification system [175]

Disease Corticosteroids Plasmapheresis IVIG Cyclophosphamide

Guillain–Barré syndrome III, B I, A I, A III, C

Myasthenia gravis IIb, C I, B I, B III, C

Acute CNS demyelination (ADEM, Malignant MS, etc.) I, B I, B I, C IIa, C

Bacterial meningitis I, A III, C III, C III, C

Viral encephalitis IIb, C III, C III, C III, C

Primary CNS vasculitis IIb, C III, C III, C IIb, C

Steroid responsive encephalopathy Ia, B IIb, C IIb, C IIb, C

Paraneoplastic encephalitis IIb, C IIb, C IIb, C III, C

Status epilepticus IIb, C IIb, C IIb, C III, C
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which on occasion results in admission to an ICU. Several

case series [34, 35] have supported the use of corticoste-

roids. The only randomized trial (prednisone starting at

120 mg PO QOD and tapering off over 12 weeks) found a

modest benefit [36]. Two trials have found a more signif-

icant benefit to plasmapheresis, though many patients

experienced rebound symptoms following treatment [37,

38]. IVIG has a larger body of evidence. A recent sys-

tematic meta-analysis identified five placebo controlled

trials (235 patients total) and found a RR for improvement

at one month of 2.40 (95% CI: 1.72–3.36) in favor of IVIG

[39]. One trial comparing plasmapheresis and IVIG failed

to find a difference in efficacy or cost effectiveness [40]. A

recent Cochrane review failed to find sufficient evidence

for cytotoxic drugs or interferons [41].

Paraprotein-mediated neuropathies account for up to

10% of neuropathies not attributable to another illness [42].

A Cochrane review of immunotherapy for IgM anti-mye-

lin-associated glycoprotein (MAG) neuropathies reported

that IVIG may produce some short-term benefit but that

there was insufficient evidence to recommend any partic-

ular immunotherapy [43]. More recently, rituximab has

shown efficacy as well [44]. There is currently limited data

for the use of immunomodulatory therapies for IgG and

IgA paraproteinemic neuropathies [45].

Multifocal motor neuropathy is a rare disorder charac-

terized by demyelination of peripheral motor nerves and is

frequently associated with serum IgM GM1 antibodies. A

Cochrane review incorporated four trials with 34 patients.

Improvement in strength occurred in 78% of IVIG treated

patients vs. only 4% treated with placebo, and conse-

quently IVIG has become the mainstay of treatment [46].

There is currently inadequate evidence for other immuno-

modulatory treatments [47].

Vasculitic neuropathy is a rare but potentially devas-

tating form of neuropathy. While numerous studies of

immunomodulatory therapies have been published there is

insufficient evidence from RCTs to recommend any spe-

cific therapy [48].

Myasthenia Gravis (MG)

MG is characterized by waxing and waning exertion-

evoked weakness with a predilection for the extra-ocular

and bulbar musculature. The lifetime risk for mechanical

ventilation is 10–20% [49]. Mortality due to complications

of MG is estimated at 11–14% [50].

MG is caused by acetylcholine receptor (AChR) anti-

bodies in 85% of patients [51, 52]. These antibodies bind to

the AChR, promoting complement fixation and lysis of the

postsynaptic membrane, which in turn impairs the trans-

mission of signals through the neuromuscular junction [51,

53]. Of the 15% of patients without AChR antibodies, 41%

have antibodies to muscle specific kinase (MUSK), a

tyrosine kinase involved with formation of the neuromus-

cular junction itself [25, 54].

Lack of data from RCTs limits standardization of

treatment for MG; however, the fundamental treatment

approach at most institutions is similar. Acute exacerba-

tions are controlled via therapies with short- or medium-

term effects. These include acetylcholinesterase inhibitors,

corticosteroids, plasmapheresis, and IVIG. For patients

with multiple or severe relapses, long-term immunosup-

pression is pursued. Typical agents include azathioprine,

methotrexate, and cyclophosphamide. In the outpatient

setting, as patients stabilize, the shorter acting medications

are titrated off first and the long-term immunosuppressants

continued. The use of cholinesterase inhibitors in patients

with respiratory failure is declining due to the side effect of

increased salivary and tracheobronchial secretions as well

as variable pharmacokinetics in critically ill patients [55].

Corticosteroids likely hasten motor recovery in acute

MG [56] but, in about 50% of patients, their use is asso-

ciated with a transient worsening of weakness (beginning

at an average of 5 days after initiation, range 1–21 days)

[57]. This is thought to be related in part to lysis of lym-

phocytes with release of immunoglobulin and in part due to

direct effects on the neuromuscular junction [57]. Multiple

treatment regimens exist. A common regimen is oral

prednisone at 10–100 mg/d (often 60 or 80 mg/d) or

100 mg QOD followed by a slow taper over weeks to

months. An alternative is high dose pulse therapy (2 g IV

methylprednisolone repeated every 5 days for a maximum

of three doses) [57]. To mitigate transient worsening, many

centers concurrently treat with either IVIG or plasmaphe-

resis [58].

Though there are no randomized placebo-controlled

trials, numerous observational studies support the use of

plasmapheresis in the management of myasthenic crisis.

The largest of these included 70 patients and a total of 156

cycles of plasmapheresis. Improvement was seen in 70%

[59]. A Cochrane review identified seven studies with a

total of 316 patients with a similar aggregate improvement

of 76.4%. A RCT comparing daily exchanges to QOD

exchanges reported that daily exchanges were superior

[60]. A typical protocol includes 5–6 1.0–1.5 volume

exchanges daily (usually 2–4 l each) [61]. The duration of

effect of a single course of plasmapheresis is 1–2 months

and the efficacy may be improved by concomitant admin-

istration of corticosteroids or cyclophosphamide [62].

IVIG is an alternative to plasmapheresis for acute

exacerbations of MG. A single randomized trial found a

substantial benefit for IVIG over placebo, particularly in

patients with severe disease [63]. Two RCTs have been

performed comparing IVIG with plasmapheresis. The first
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failed to find a difference between the two groups [64]. The

second compared three 1.5 plasma volume exchanges with

IVIG for either 3 or 5 days. No difference was noted

between the three groups though a statistically insignificant

trend to more rapid improvement was observed in the

plasmapheresis-treated group (9 vs. 15 days, P = 0.14)

[64]. A recent Cochrane review concluded that there is

evidence for the efficacy of IVIG in MG exacerbation but

that there is currently not enough evidence to establish the

relative efficacy of IVIG versus plasmapheresis [65]. A

typical regimen for IVIG is 0.4 mg/kg/day for 3–5 days.

Recently, semi-selective adsorption of AChR antibodies

has been performed, although the technique is not yet in

routine clinical use. One trial enrolling all patients that

were AChR antibody positive (20 patients), had a response

rate of 55% [66].

Acute Demyelinating Encephalomyelitis (ADEM)/

Hyperacute Multiple Sclerosis (MS)

ADEM and MS are autoimmune inflammatory disorders of

the central nervous system (CNS). MS is thought to be pri-

marily a Th1-mediated process. The early course in most

cases is defined by acute episodes of inflammation with

breakdown of the blood–brain barrier. On occasion, the

presenting attack is extensive enough to result in severe

alteration in level of consciousness and to require critical

care. This is variously termed hyperacute, fulminant, or

malignant MS. Later stages of the disease are felt to be pri-

marily driven by neurodegeneration, and as such, are less

responsive to immunomodulatory therapy [67]. In contrast

ADEM is classically a monophasic autoimmune disease of

the CNS following viral infection, infection with atypical

bacteria, or vaccination [68]. Subtypes include acute hem-

orrhagic leukoencephalitis (AHL), acute hemorrhagic

encephalomyelitis (AHEM), acute necrotizing hemorrhagic

leukoencephalitis (ANHLE), and encephalomyeloradiculo-

pathy.

The best studied therapeutic modalities for acute MS

exacerbations are corticosteroids and ACTH. A Cochrane

review reported six trials with 377 participants, 140 treated

with corticosteroids, and 237 with ACTH. Methylprednis-

olone (500–1,000 mg) was administered daily for 3–5 days

with or without a 10–12 day taper. The meta-analysis

concluded that both regimens demonstrated a protective

effect against further worsening or failure to improve over

5 weeks (OR 0.37, 95% CI: 0.24–0.57). There was a non-

significant trend toward greater efficacy of corticosteroid

versus ACTH and IV corticosteroid versus oral regimens.

No difference was found between 5 and 15 days of treat-

ment [4]. Most experts in MS believe that corticosteroids

accelerate recovery from exacerbations but do not

otherwise change the natural history of the disease,

although a recent small randomized trial enrolling 126

patients found a decrease in relapse rate in patients treated

with both interferon beta-1a and methylprednisolone

(200 mg/d for 5 days every 4 weeks) compared to those

treated with interferon beta-1a alone [69].

In ADEM, corticosteroids are considered first-line

therapy. Although there are no RCTs to support their use,

such a trial is unlikely given very high response rates in

most case series [4]. For example, one adult case series

reported improvement in 32 of 39 patients [70]. Delayed

development of deep gray matter or brainstem lesions has

been associated with corticosteroid failure [71]. The only

comparison of different treatment regimens was a retro-

spective review comparing nonconsecutive but clinically

similar patients treated with IV methylprednisolone 30 mg/

kg/day 9 3–5 days with IV dexamethasone 1 mg/kg/

day 9 10 days. The final Expanded Disability Status Scale

(EDSS) score in the methylprednisolone group was 1 (no

disability) versus 3 (mild to moderate disability) in the

dexamethasone group (P = 0.029) [72].

A typical treatment regimen for both ADEM and severe

MS exacerbations is 1 g of methylprednisolone IV daily for

3–5 days. There is no evidence to support a corticosteroid

taper after initial treatment.

Plasmapheresis is utilized in the acute treatment of both

MS and ADEM [73–78]. It has been studied in two placebo-

controlled trials to date. The first examined plasmapheresis

as an adjunctive therapy in patients being treated with

ACTH and cyclophosphamide during an acute MS exacer-

bation. Significant benefit was found at 2 weeks and at

12 months, and the average time to recovery to pre-attack

disability was 4 vs. 13 weeks [79]. A second evaluated

plasmapheresis in 22 patients with CNS demyelination of

any type who had failed corticosteroids. A moderate or

greater improvement was seen in 42.1% in the active treat-

ment group vs. 5.9% of controls [80]. Favorable responses

were more likely in patients with preserved or brisk reflexes.

Seventy-five percent of responders do so within three

exchanges or 5 days of treatment [81]. A typical treatment

regimen is single volume plasmapheresis daily or every

other day for 3–5 exchanges, though prolonged therapy (up

to 20 exchanges) has been reported [73–78].

IVIG therapy has shown promising results in uncon-

trolled investigations in ADEM but does not appear to be

effective in MS [82–91]. A prospective non-randomized

study in a cohort with ADEM found that involvement of

both the central and peripheral nervous system (particularly

in severe cases) predicted corticosteroid failure and benefit

from IVIG [92]. A second non-randomized prospective

study confirmed peripheral nervous system involvement as

a predictor of steroid-refractory disease. An IVIG response

rate of 53% in corticosteroid non-responders was reported;
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this response began within 5 days and reached a maximum

at 3 weeks in most patients [93]. IVIG as an adjunct to

methylprednisolone has been evaluated in two randomized

placebo-controlled trials for acute MS exacerbations

enrolling a total of 95 patients with negative results [71,

94]. Thus, IVIG may be considered in the treatment of

ADEM, especially with peripheral nerve involvement, but

does not appear to have a role in treatment of MS. A typical

treatment regimen for ADEM consists of 0.4 g/kg/day

daily or every other day for 3–5 doses, though single

infusions of 2 g/kg have also been reported [82–91, 95].

Approximately 5% of patients with MS have a malignant

phenotype characterized by frequent relapse and rapid neu-

rologic deterioration [96]. Many respond to plasmapheresis

but some will not. For those that remain refractory, more

intense immunosuppression needs to be considered.

Currently mitoxantrone is the only FDA approved immu-

nosuppressive for multiple sclerosis. The largest placebo

controlled trial of mitoxantrone in rapidly worsening

relapsing remitting or secondary progressive MS (n = 194

patients) reported significant benefits with mitoxantrone

treatment in terms of change in expanded disability status

scale, change in ambulation, adjusted total number of treated

relapses, and time to first treated relapse [97]. A recent

Cochrane review evaluated four trials with a total of 270

patients. Post-hoc analysis demonstrated a RR of progres-

sion at one year of 0.19 (0.06–0.64). 93/270 patients had

information available regarding relapse at either 6 months or

one year. 68.7% of treated vs. 28.8% of placebo patients

were relapse free at 6 months or one year (OR 5.4, 95% CI:

2.2–13.1; P = 0.0002). The study concluded that mitoxan-

trone was moderately effective at reducing progression and

relapse [98]. Mitoxantrone carries a significant risk of car-

diotoxicity and for this reason it has been suggested only as a

rescue therapy for those patients with relapsing remitting

disease with frequent and disabling exacerbations or

in patients with rapidly deteriorating secondary progressive

disease [99]. Echocardiography should be performed prior to

the initiation of therapy and periodically thereafter. Typical

dosing consists of an induction phase of 12 mg/m2 monthly

for 3 months then every 3 months for two years [99].

Cyclophosphamide is another potential therapy [100] for

refractory or fulminant MS, although trials with this agent

have yielded conflicting results [101–103]. One of the

largest long-term observational studies in severe relapsing-

remitting disease included 110 patients and demonstrated a

75% reduction in relapse rate in 70% of patients [104]. A

number of smaller case series in malignant or fulminant

MS report improvement or stability in up to 75% of treated

patients [105–108]. Factors which have been associated

with a response to therapy include a rapidly progressive

course, gadolinium positive lesions on MRI, young age,

<2 years of a progressive course, and absence of primary

progressive disease [67]. While several treatment regimens

exist, a commonly used protocol involves cyclophospha-

mide induction with 600 mg/m2 given on days 1, 2, 4, 6,

and 8 with 1 g IV methylprednisolone given on days 1–8

[67]. Experience with other acute chemotherapeutic agents

is limited and the role of humanized monoclonal antibodies

such as natalizumab, alemtuzumab, daclizumab, and rit-

uximab in acute disease remains to be established [100].

For the most severe and treatment-resistant cases a final

treatment option is autologous hematopoietic stem cell

transplantation (AHSCT) (about 250 reports in MS patients

worldwide) [109]. The majority of patients treated with

AHSCT have had aggressive secondary progressive disease

[109]. In four clinical trials, 73–85.7% of patients were free

of progression at 3 years and overall mortality rates were

0–8.2% [110–112].

Meningitis and Encephalitis

Bacterial meningitis is a frequent cause of admission to

ICUs and carries a mortality of 10–30% [113]. One meta-

analysis found acute corticosteroid treatment initiated

concurrently with antibiotic treatment is associated with a

reduction in mortality rate from 22 to 12%; the authors

recommended dexamethasone 0.6 mg/kg/day IV x 4 days

[113]. In children, studies have found conflicting results

that are possibly related to patient location (developed/

developing world) and accompanying co-morbid condi-

tions (in particular HIV) [114, 115]. The current Infectious

Diseases Society of America advocate dexamethasone

0.15 mg/kg IV q 6 h for 2–4 days for all adults with sus-

pected bacterial meningitis given at the time of, or just

prior to, the initiation of antibiotic therapy [116]. Since the

publication of these guidelines one large RCT failed to

show benefit in all adolescents and adults with suspected

bacterial meningitis but found a reduction in risk of death

at one month (RR 0.43, 95% CI: 0.20–0.94) in microbio-

logically proven disease, calling into question the timing of

antibiotic administration [117]. Evidence for steroids in

viral encephalitis is sparse, with one retrospective study

finding that steroid administration was associated with

better outcome [118]. While one large RCT is ongoing

[119] the current Infectious Diseases Society of America

guidelines do not endorse the use of corticosteroids in the

treatment of viral encephalitis.

Primary Central Nervous System Vasculitis

Primary central nervous system vasculitis (PCNSV) is a

rare disorder characterized by inflammation of cerebral

blood vessels [120]. Subacute headache and cognitive

Neurocrit Care (2010) 12:132–143 137



change followed by infarcts within multiple vascular ter-

ritories is the most common presentation. The largest case

series (n = 101) found that cognitive impairment, infarc-

tion, focal neurologic deficit, and large vessel involvement

were associated with increased mortality (HR 4.00, 4.39,

3.60, and 7.93, respectively) [120]. In contrast, prominent

leptomeningeal enhancement has been associated with a

more benign course [121]. Recently, it has been reported

that angiographically negative PCNSV is more responsive

to immunomodulatory treatment [122]. In children ische-

mic stroke at onset, large and medium vessel involvement,

granulomatous angiitis, and delayed institution of therapy

were markers of poor outcome [123]. In contrast neuro-

cognitive dysfunction, multifocal MRI lesions, and distal

stenosis were found to be a high risk profile in another

pediatric case series. This study also reported that hemi-

paresis was associated with a non-progressive course [124].

To date, no RCTs have been performed and no treatment

guidelines exist [125]. The historical treatment for

PCNSV—glucocorticoids and cyclophosphamide—remains

the treatment of choice at many institutions [126–130]. With

the increasing recognition of patients showing a more

benign, non-progressive, corticosteroid responsive course,

some authors have recently suggested reserving cyclophos-

phamide for cases which are either histologically proven

or exhibit progression despite corticosteroids (approxi-

mately 19%) [130, 131]. While no guidelines exist, the most

common treatment regimen is high dose methylprednisolone

1 g/day for 3–7 days followed by oral prednisone. Cyclo-

phosphamide can be administered as a daily oral therapy

(2–2.5 mg/kg/day) or more commonly, as pulse IV therapy

500–1,000 mg/m2 of body surface area every other week for

6 weeks then monthly [130]. Therapy is commonly contin-

ued for 12 months and has been reported to have a relapse

rate of <10% [131, 132].

Two patients have been reported with PCNSV resistant

to treatment with corticosteroids and cyclophosphamide

therapy that were treated successfully with infliximab and

etanercept [133]. There is not currently sufficient evidence

to advocate for IVIG or plasmapheresis in PCNSV [131].

Corticosteroid Responsive Encephalitides

Acute autoimmune encephalitis can be categorized as par-

aneoplastic or non-paraneoplastic. Paraneoplastic enceph-

alitis has been associated with antibodies to a number of

antigens including Hu, Yo, Ri, Tr, amphiphysin, CV-2,

Ma1, Ma2, mGLuR1, NMDA, and VGKC [134, 135].

Treatment of the underlying malignancy is the cornerstone

of therapy and the few small uncontrolled clinical trials

evaluating immunomodulatory treatment have shown

mixed results. One prospective unblinded study evaluated

plasmapheresis plus either cyclophosphamide or specific

cancer chemotherapy in 20 patients. Overall, stabilization

or modest improvement was seen in 50% without signifi-

cant differences in efficacy between the treatment arms and

no response was seen in patients with severe disability

[136]. Several other series, however, have demonstrated

substantially lower response rates with IVIG alone [137],

the combination of plasmapheresis and cylophosphamide

[138, 139], or the combination of IVIG, cyclophosphamide,

and corticosteroids [140]. Despite a lack of clear evidence,

some experts suggest consideration of plasmapheresis or

IVIG, particularly in those with mild or moderate disability

[141, 142]. Dosing regimens for plasmapheresis and IVIG

are similar to those described for other diseases in this

review.

The non-paraneoplastic autoimmune encephalitides are

an increasingly recognized group of disorders. Three rea-

sonably well-characterized subtypes are associated with

anti-voltage gated potassium channel (VGKC) antibodies,

anti-N-methyl-D-aspartate (NMDA) receptor antibodies,

and anti-thyroid antibodies.

Both VGKC antibodies and NMDA antibodies are

associated with limbic encephalitis characterized by sei-

zures, neuropsychiatric disturbances, and memory loss and

both may be paraneoplastic or non-paraneoplastic. Addi-

tionally, dyskinesias, autonomic instability, and central

hypoventilation are common features of NMDA receptor

encephalitis [143]. In uncontrolled clinical trials in patients

with VGKC antibodies, dramatic responses to therapy have

been noted with methylprednisolone, IVIG and less com-

monly plasmapheresis [144–147]. About 2/3 of patients

with non-paraneoplastic NMDA antibody encephalitis

recover with immunotherapy (plasmapheresis, methyl-

prednisolone, IVIG) [139].

It has been suggested by several authors that VGKC-

mediated encephalitis represents a more immunoresponsive

etiology than other autoimmune encephalopathies [146].

While there are no formal recommendations on treatment

of VGKC-mediated and NMDA receptor-associated

encephalitis most reported cases have been treated with

combinations of IVIG or plasmapheresis either alone or

with up to 6 months of oral prednisone [143–145].

Hashimoto’s encephalitis (also referred to as cortico-

steroid responsive encephalopathy associated with auto-

immune thyroiditis (SREAT) or non-vasculitic autoim-

mune meningoencephalitis (NAIM)) is an autoimmune

encephalitis associated with anti-thyroid antibodies [148–

151]. Corticosteroid therapy is so effective that some

authors use steroid responsiveness as a requirement for

the diagnosis [149]. Clinical response is typically seen

4–6 weeks from initiation of therapy [148]. Numerous

corticosteroid treatment regimens have been reported, most

commonly methylprednisolone 1 g IV daily for 3–5 days,
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with ongoing oral prednisone at 60–100 mg/day afterward

for variable durations [152–159]. In the absence of a

response to corticosteroids, a few case reports support the

use of IVIG [160, 161] or plasmapheresis [162–164].

Status Epilepticus

The role of autoimmunity in epilepsy and status epilepticus

remains unclear [165]. There is a growing body of literature

describing possible pathologic antibodies in numerous epi-

lepsy syndromes including antibodies to VGKC, TPO,

thyroglobulin, GM1, GluR1, 3, and 4 as well as anti-

phospholipid antibodies [153, 165, 166]. In addition, the

value of immunomodulatory therapies including ACTH,

corticosteroids, and to a lesser extent plasmapheresis and

IVIG in pediatric epilepsy syndromes such as West syn-

drome, Lennox-Gastaut, Landau-Kleffner, and Rasmussen

encephalitis have been demonstrated by several studies and

case series [167–172]. With regard to refractory status epi-

lepticus specifically, there are occasional case reports

documenting both treatment success and failure with plas-

mapheresis [173, 174]. Given the paucity of evidence, unless

an autoimmune etiology is strongly suspected, immuno-

modulatory therapies should be reserved for refractory

status epilepticus only in exceptional circumstances.

Controversies and Future Directions

A variety of clinical questions still remain. While high

levels of evidence (Table 1) support the use of immuno-

modulatory therapies in GBS and MG, several details need

to be addressed. For example, in GBS, the decision of

whether to repeat a course IVIG or plasmapheresis is a

common dilemma in patients in whom the initial response

is not adequate. In MG, the exact role of corticosteroids

(given the propensity for transient symptomatic worsening)

has not been elucidated. For ADEM, while case series

suggest a benefit for corticosteroids, IVIG, and plasma-

pheresis, as yet no RCTs have been performed to guide

which combinations may be effective. In MS, corticoste-

roids appear to speed recovery but do not have a substantial

disease-modifying effect and there is no consensus

regarding severe or treatment refractory exacerbations. In

encephalitis, some evidence suggests that patients with

viral etiologies (particularly HSV) may benefit from acute

high-dose corticosteroid therapy. For many of the other

diseases discussed in this review, evidence is limited to

small case series.

Over the longer-term, research is likely to focus on more

specific therapies. The standard therapies—IVIG, plasma-

pheresis, and corticosteroids—are all non-specific in their

actions. Focused immunomodulation using monoclonal

antibodies with specific targets—for example rituximab (CD

20), nataluzimab (a-4-integrin), and a variety of anti-TNF-a
antibodies—may ultimately lead to treatments with fewer

side effects and increased efficacy. Finally, as the detailed

pathogenesis of autoimmune neurological disease is eluci-

dated further, disease-specific treatments will likely become

available akin to the progress which has been made in

immunoadsorption of circulating AChR antibodies in MG.
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