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Summary: Multiple sclerosis (MS) is an inflammatory demy-
elinating disorder characterized by a multiphasic course of
neurological exacerbations, periods of clinical remission, and,
in most patients, ultimately progressive deterioration of func-
tional capabilities. The relapsing–remitting phase of the disease
involves acute interruption in neurological functioning relating
to areas of inflammation in discrete central-tract systems. The
treatment of MS exacerbations with anti-inflammatory agents
such as corticosteroids and adrenocorticotropic hormone has
represented an established practice throughout the neurology

community. Although there is scientific rationale supporting
application of these agents for this purpose, the broad diversity
of approaches to using these drugs in clinical practice is a
derivative of expert opinion and anecdotal experience. Ulti-
mately, the treatment of MS-related exacerbations is part sci-
ence, but mostly art. This review discusses the pharmacology
of these agents, to better understand how they may act to
mitigate attacks and to provide some practical formulations for
how to use them in the clinic for the benefit of patients. Key
Words: Corticosteroids, ACTH, pulse steroids.

DEFINING AN EXACERBATION

Exacerbations of multiple sclerosis (MS) are defined
by episodes of neurological dysfunction that occur spon-
taneously and are not on the basis of an alternative eti-
ology. Bona fide exacerbations are typically expected to
last for at least 24 hours, and often involve the evolution
of novel symptoms, not previously experienced by the
patient. In some cases, however, the reemergence of old
symptoms that persist can also be considered a true ex-
acerbation, particularly when not explained on the basis
of some other etiology, such as infection, stress, or ele-
vation of core body temperature (i.e., the Uhthoff phe-
nomenon).1 Symptoms that fluctuate in severity in a
given individual according to their body temperature and
with physical or emotional stress would not be consid-

ered a relapse unless the worsening is significantly
greater in severity or duration than the range of their
fluctuations. An important caveat to this definition is that
infectious processes are now well known to trigger sig-
naling pathways (e.g., the Toll-like receptor transduction
sequence) that could culminate in the production of a
proinflammatory context, resulting in production of an
infection-associated exacerbation of MS.2 Recognition
of this mechanism has led to reevaluation of what con-
stitutes true exacerbations (as opposed to pseudoexacer-
bations), and has evident implications for the treatment
and safety of patients.
The treatment of MS-related exacerbations has tradi-

tionally involved the use of anti-inflammatory treatments
such as corticosteroids (CS) and adrenocorticotropic hor-
mone (ACTH).3 The principal objectives for the appli-
cation of these treatment strategies have been to accel-
erate recovery from the neurologic deficits sustained
from the new area of inflammatory demyelination, as
well as to mitigate the severity of the attack and reduce
potentially persistent residual deficits.
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To understand how these agents serve to exert such
activities on MS exacerbations, it is useful to review
some of the established actions that are attributable to CS
and ACTH.

ACTION OF CORTICOSTEROIDS

Corticosteroids are very potent effectors in the preven-
tion and suppression of inflammation caused by chemi-
cal, immunological, infectious, and mechanical stressors.
Because of their anti-inflammatory and immunosuppres-
sive properties, these agents have been used for decades
as standard therapy for numerous inflammatory disor-
ders, including include asthma, systemic lupus erythem-
atosus, vasculitis, inflammatory bowel disease, MS, my-
asthenia gravis, and rheumatoid arthritis. The effect of
CS on the immune system is thought to be largely dose-
and duration-dependent: whereas relatively low doses of
CS have been shown to be effective and relatively safe
for long-term therapy of inflammatory diseases, shorter
courses of high doses are typically used to treat acute
exacerbations of these disorders.4–8 With regard to MS,
it has been established that high-dose, short-term intra-
venous CS therapy provides symptomatic relief, im-
proves motor function, and shortens the recovery phase
of acute disease-related attacks.9–12

Pharmacological properties and mechanisms of
action
Corticosteroids may be administered orally or paren-

terally. With regard to their pharmacokinetic properties,
most CS in clinical use are fairly similar: �90–95% of
the administered drug is plasma bound, predominantly to
corticosteroid-binding globulin and albumin. The plasma
half-life is typically between 60 and 90 minutes, whereas
the biological half-life often exceeds 24 hours. Secreted
by the adrenal glands, these agents are metabolized by
the liver.
Corticosteroids have multiple biological effects on nu-

merous organ systems. In this section, we will describe
the effects of CS on the immune system, which are
thought to be threefold13,14:

1) Very rapid, nonspecific, nongenomic effects occur
within seconds after exposure of a cell to high
concentrations CS. It appears that these nonspe-
cific, nongenomic effects are the result of a direct
interaction of CS with cell membranes.13,14

2) Rapid, specific, nongenomic effects of CS are me-
diated by steroid-selective receptors on the cell
surface. These receptors communicate with a sec-
ond messenger system and occur within a few min-
utes.15 Alternatively, direct physicochemical inter-
actions between CS and the cell membrane could
account for these effects.13

3) Delayed genomic effects are mediated by cytosolic
CS receptors.14 Within 30 minutes of a steroid
dose, engagement of these receptors leads to the
activation of a signaling cascade, and ultimately
decreases the transcription of numerous largely
proinflammatory mediators.16,17

The majority of clinical and paraclinical effects of CS
cannot be explained by their very rapid, nonspecific, non-
genomic effects, because the therapeutic doses used in most
in vivo or in vitro systems would not result in detectable
biological activity. Similarly, delayed genomic effects do
not correspond with most therapeutic effects of CS.13,18

Thus, the rapid, specific nongenomic effects of CS appear
to be the most important mechanism by which these agents
exert their pharmacological action in the treatment of acute
flares of disease. Note also that potencies of CSmediated by
the three mechanisms just listed may be inconsistent, and
quite variable. It has been shown that the very rapid, non-
specific, nongenomic potencies of commonly used CS dif-
fer from their classical potencies mediated by delayed,
genomic effects.19 This is an important observation, in that
the potencies of CS used in clinical practice may need to be
reassessed, depending on the pharmacodynamic effects of
each specific agent.
As we have already mentioned, CS mediate a mul-

titude of pharmacological effects. One of the poten-
tially more relevant effects concerning MS and other
inflammatory disorders of the central nervous system
(CNS) involves leukocyte trafficking across biological
membranes.
Leukocytes have to transverse the basement mem-

brane (basal lamina) of brain venules during their
egress from peripheral blood to access the CNS pa-
renchyma. Matrix metalloproteinases (MMPs) are pro-
teolytic enzymes considered to be one of the major
physiologic mediators of cell migration through the
extracellular matrix.20 In animal studies, intracerebral
injection of MMP-2 was shown to disrupt the blood–
brain barrier through the disintegration of the basal
lamina around capillaries. In 1996, Rosenberg et al.21

demonstrated that compromise of the blood–brain bar-
rier can be alleviated with CS therapy in patients with
acute MS exacerbations. Specifically, the authors mea-
sured MMPs in the CSF of patients with MS. Patients
who received CS to treat an acute episode of MS had
CSF sampled before and after 3 days of high-dose CS
therapy. The levels of MMP-9 in the CSF decreased
significantly and the levels of tissue inhibitors of
MMP increased after CS administration.21 These ob-
servations indicate that increased expression of
MMP-9 in the CSF is associated with a compromised
blood–brain barrier, and that MMPs are a potential
target of CS treatment.
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Rapid, specific nongenomic effects of CS in the CNS
and secondary lymphoid organs
The first membrane-bound CS receptor on neurons

was identified in 1991 and has been associated with
regulation of CS behavior.22 In addition, CS surface
receptors and some of their functions have been identi-
fied in multiple organ systems, including secondary lym-
phoid organs. Lysis of lymphoma cells as a result of CS
therapy appears to be receptor-mediated.23–25 High doses
of CS are also proapoptotic, through specific, non-
genomic effects that are distinct from cell death by lysis.
A cascade of morphological events eventually leads to
cell shrinkage, chromatin condensation, and caspase ac-
tivation.26 Ultimately, these changes result in alterations
of cellular and mitochondrial membranes, and oligonu-
cleosomal DNA fragmentation.26 In contrast to cell lysis
observed in cell necrosis, cell death by apoptosis largely
preserves the integrity of the dead cell. The cells are
eliminated by phagocytosis, and the induction of inflam-
matory responses against the dead cell is often com-
pletely absent. Although molecular and cellular events
associated with apoptosis have been reported to generate
a reservoir of self-antigens with the potential to initiate
inflammatory autoimmune conditions, apoptosis is
widely considered integral to the maintenance of a
healthy, self-tolerant immune system.27

CS in therapeutic doses significantly reduced the res-
piration of concavalin-A-activated rat thymocytes and
human lymphocytes.28,29 In contrast, quiescent cells re-
mained unaffected.28,29 Thus, CS clearly possess a very
favorable pharmacological profile for the treatment of
immune-mediated disorders, in which proliferating leu-
kocytes are one of the main therapeutic target.

Glucocorticosteroids in animal models of MS
Experimental autoimmune encephalomyelitis (EAE) is

the prototypical animal model of MS.30 EAE can be
induced by immunization with a CNS myelin autoanti-
gen, or through the passive adoptive transfer of myelin-
specific, activated, encephalitogenic CD4� type 1 T
helper-cell lymphocytes.30 Depending on the genetic
background of the experimental animal, an acute fulmi-
nate, chronic, or relapsing–remitting clinical disease
course can be observed.30 Pathologically, there is evi-
dence of demyelination, inflammation, and neurodegen-
eration within the CNS.
Our knowledge of the effects of CS in EAE is very

limited. The earliest evidence that CS may have benefi-
cial effects in inflammatory CNS disorders was provided
by Levine et al.,31 who demonstrated that therapeutic
adrenalectomy enhanced the clinical signs of EAE. Mc-
Combe et al.32 showed that a single dose of dexameth-
asone (4 mg/kg) at disease onset resulted in a significant
reduction in the numbers of T lymphocytes infiltrating
into the spinal cord. Limiting dilution analysis further

revealed that the number of autoantigen-specific T cells
was also decreased.32 Notably, the numbers of apoptotic
cells in the spinal cords of treated animals were increased
compared with those observed in animals treated with
saline.32 This finding was consistent with the work of
Pender et al.,33 who had previously demonstrated that
cell apoptosis may be a major physiological mechanism
of cell removal in acute EAE brain lesions. In the Mc-
Combe et al.32 study, however, apoptosis could not en-
tirely explain the reduction in inflammatory infiltrates.

INTERVENTION FOR EXACERBATIONS

Objectives of acute intervention for MS
exacerbations
That application of anti-inflammatory treatment for

MS-related exacerbations serves to accelerate recovery
from the attack of functional disability and potentially
mitigates the severity of the attack itself is supported by
a number of investigations.34–37 All of these studies were
preceded by a clinical trial of ACTH compared with
placebo for treatment MS attacks, a monumental mile-
stone in the management of relapsing forms of the dis-
order.38

With respect to the use of CS and ACTH for treating
MS attacks, an evidence-based assessment of these
agents was undertaken by the Therapeutics and Technol-
ogy Assessment Committee of the American Academy
of Neurology that considered disease-modifying thera-
pies for MS.3 In terms of using CS and ACTH, the
Committee concluded as follows:

1) Treatment with CS serves to accelerate recovery
from attacks of MS and that it is appropriate to
consider using these agents (based on class I and II
studies with a type A recommendation).

2) Long-term benefits on the disease course has not
been demonstrated (Type B recommendation).

3) Compelling evidence does not currently exist to
favor the utilization of a particular type of agent,
route of administration, or dosage (although most
neurologists use high doses of these agents for the
treatment of attacks).

CS and ACTH have the capability of restoring the
integrity of the blood–brain barrier, thereby influencing
mononuclear trafficking mechanisms. In a similar fash-
ion, these agents can serve to reduce the activity of
MMPs, and have potent antiedema effects, which can
help prevent neuronal membrane dysfunction. Recent
evidence has demonstrated that steroids may enhance the
fidelity of electrical transmission in demyelinated axonal
segments, as evidenced by augmentation of motor
evoked potentials elicited by transcranial magnetic stim-
ulation.39
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One analysis of the benefit of CS or ACTH for MS
exacerbations considered only randomized double-blind
controlled trials, involving 377 patients across six inves-
tigations.40 Both agents were found to exhibit beneficial
effects when compared with placebo with respect to pre-
vention against disease deterioration at the time of the
attack, or providing stabilization of existing symptoms
within the first 5 weeks of treatment. Only one of these
studies provided information concerning the remote ben-
efits of treatment on future disease activity (n 	 51) in
terms of exacerbations or disease progression. No differ-
ences were identified to favor active treatment with
methylprednisolone versus placebo at 1 year.41

How soon after the onset of symptoms steroid treat-
ment can and should be initiated is related to two sepa-
rate issues: whether to treat a specific relapse immedi-
ately, and how late into a relapse it is effective to treat.
The issue of timing depends on the nature of the relapse.
In general, the clinician should treat a major relapse
immediately but take a wait-and-see approach before
deciding to treat minor relapses. Treatment can be suc-
cessfully initiated as late as 1–2 months into a relapse.

Practical considerations for treating exacerbations
The general approach to treating acute MS exacerba-

tions has often involved use of intravenous agents such
as methylprednisolone (MP) or dexamethasone (TABLE
1), and perhaps the most commonly prescribed agent has
been intravenous MP 1 g/day for periods of 3 or more
days (generally 3–5; occasionally longer). A point of
great controversy has been whether an oral steroid taper
is useful following the initial intravenous pulse of ste-
roid. There are no good data to answer this question.
The Optic Neuritis Treatment Trial (ONTT) did show

that intravenous MP followed by an oral prednisone
taper was associated with superior efficacy in reducing

the risk of a second event of inflammatory demyelina-
tion, compared with patients randomized to placebo or
low-dose oral prednisone alone (without an antecedent
intravenous pulse).35 From a small optic neuritis study,
Herishanu et al.43 showed that high-dose intravenous
steroids, without a subsequent taper, were associated
with a higher risk of recurrent attacks, compared with
patients treated with placebo. The Herishanu et al.43

study suggests the potential value of a tapering phase of
anti-inflammatory treatment following the initial high-
dose intravenous pulse of treatment. In another study, the
use of a steroid taper was associated with short-term
reductions in brain volume, compared with those treated
without a taper.42 Nevertheless, many practitioners do
not in fact use tapering schedules after an initial high-
dose pulse of steroids.
Intravenous CS can be administered either as a single

daily dose or as divided daily doses. There is an open
issue of which is preferable and more effective. Once-
daily administration saturates steroid carriers and might
lead to higher tissue levels, but the details of any differ-
ence are unknown. The use of single versus multiple
daily infusions is also potentially an issue in terms of
insurance coverage. Although existing data are not con-
clusive, generally administration as a single daily dose is
more acceptable to patients, more practical, and more
cost effective.
An alternative approach to intravenous MP, one that is

evidence-based with respect to accelerating recovery
from MS attacks, involves the use of ACTH gel (which
can be used parenterally by the intramuscular or subcu-
taneous route of administration) (TABLE 1). Although
the ACTH gel has some theoretical advantages, it is more
expensive than steroids, has more side effects, and gives
less consistent results. ACTH can be used when patients

TABLE 1. Features of Corticosteroid Regimens for Acute Exacerbations

Mechanisms Immunosuppressive; immunomodulatory; adhesion molecules and metalloproteinases
Evidence-Based Medicine Class I and II evidence for accelerating recovery from relapses. Some class II evidence

for pulse steroid treatment controlling relapses and progression
Lab Assessments Acute monitoring for 1) diabetes patients; 2) anticoagulation patients; 3) glaucoma

patients (intraocular pressure)
Treatment Regimens 1) intravenous methylprednisolone, 1 g/day for 3–7 days (for relapses)

2) ACTH (as ACTHAR Gel), 80–120 units/day i.m. or s.c. for either
a) 2–3 weeks or
b) 1 week*

3) Oral prednisone, 500–1250 mg/day, divided, for 3–7 days (for relapses)
4) Smoothie Medrol: 1 g methylprednisolone mixed in smoothie (fruit pureed with ice
cream, juice, yogurt, or milk) or juice taken orally with breakfast for 3–7 days (for
relapses)

5) Dexamethasone, 160–200 mg/day p.o. or i.v., divided, for 3–7 days for (relapses)
6) Various tapering regimens
a) Prednisone, 200 mg/day for 4 days, then 100 mg/day for 4 days
b) Methylprednisolone dose pak
c) Dexamethasone, 20 mg/day for 4 days, then 16 mg/day for 4 days

*The lead author’s preference is for the 1-week regimen.
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are unresponsive to CS, or in cases in which its positive
effects on bone via stimulation of dehydroepiandros-
terone and mineralocorticoids may be desirable. This
latter feature is of practical importance, in that patients
under disease-modifying therapy either intramuscularly
or subcutaneously can easily administer ACTH by either
route, greatly facilitating independent home treatment by
a route of administration that is intimately familiar to the
patient. In addition to these potential advantages, ACTH
stimulation of endogenous CS agents may represent an-
other benefit over exogenous formulations. Nevertheless,
no controlled studies are yet available to corroborate this
hypothesis.
Although treatment of exacerbations for those taking

interferons or glatiramer acetate can involve both the
initial pulse (CS or ACTH) with or without a taper, for
patients under natalizumab therapy it may be prudent to
use only short courses of these agents (up to 3 days),
without a taper—as suggested variously by the U.S.
Food and Drug Administration, Biogen Idec (Cam-
bridge, MA), and Elan (Dublin, Ireland) via the Touch
program. Further, we have no data to suggest how many
such CS courses would be considered safe in patients
also taking natalizumab. The premise here is an attempt
to avoid intensified compromise of immune surveillance
that could be the pretext for progressive multifocal leu-
koencephalopathy, a virally mediated process (via the JC
virus) that has been associated with natalizumab as a part
of combination therapy.43–45

With respect to the question of using low-dose regi-
mens of CS for the treatment of milder attacks, this most
certainly has been and will continue to be prescribed.
The problem with advocating this approach is the pa-
tently obvious lack of information with respect to effi-
cacy, and indeed evidence that mild attacks benefit from
any treatment. The one important and conspicuous ex-
ception is the experience derived from the ONTT; in this
trial the use of low-dose oral prednisone (1 mg/kg) was
associated with a worse outcome (approximately double
the recurrence rate of optic neuritis) than in either the
high-dose (intravenous, followed by an oral taper) ste-
roid limb or the placebo group.33 Although there are
always individual exceptions (comorbid conditions, pa-
tient characteristics, features of the attack), high rather
than low doses of CS and ACTH should generally be
used to treat MS exacerbations in part because there are
more data demonstrating efficacy and safety.
An important but highly contentious issue relates to

the timing of CS treatment intervention. Although most
agree that treatment should proceed as soon an exacer-
bation is confirmed (and as one worthy of intervention),
there are in fact no good data to compare the efficacy of
such treatments if there is a delay in starting CS. Thus,
even though an exacerbation and its resultant deficits
may be ongoing (perhaps as long as a week or more),

physicians can still consider using CS to hasten the res-
olution of the attack.

Orally administered corticosteroids
A number of studies (albeit generally a small number)

have demonstrated that high-dose oral steroid regimens
appear comparable to those administered parenterally,
with similar benefit and tolerability.34,46–48 The advent
of oral steroid regimens for treating MS attacks obviates
the need for intravenous, intramuscular, or subcutaneous
ACTH administrations, with the obvious advantages of
markedly reduced cost and greater ease of use. Important
investigations have shown that high-dose oral steroid
treatment has no impact on gastric permeability changes,
emphasizing the principle that steroid-related gastritis is
not related to direct effects of these agents on gastric
mucosa, but rather is likely secondary to systemic mech-
anisms (regardless of the route of administration).49 Per-
haps most noteworthy has been evidence demonstrating
similar bioavailability of CS under oral and parental
administration.50,51

In our anecdotal experience, a number of oral steroid
regimens are highly effective, well tolerated, and ex-
tremely cost effective (TABLE 1). For example, some of
us routinely use a formulation we refer to as smoothie–
medrol. The pharmacist dissolves 1 g of MP powder in
25 mL of water (dextrose 5% in water; D5W) and pro-
vides this to the patient (three vials for a 3-day course).
The patient then mixes the solution in an 8-ounce
smoothie (e.g., strawberry–banana) or juice and drinks
the concoction with breakfast (sometimes at night, if
steroid behavioral activation is shorter in onset). Some
patients find the taste of the smoothie–medrol cocktail
aversive. As an alternative, we prescribe 150–200 mg of
dexamethasone (as a single dose, or divided over break-
fast and lunch) mixed in 25 mL of D5W by the pharma-
cist, which the patient then adds to an 8-ounce smoothie
or fruit juice. This latter formulation is very well toler-
ated and nearly tasteless (the lead author has been forced
to taste both formulations, as brought to clinic by an
activist patient).
Others among our group have routinely used oral pred-

nisone tablets, which are well accepted by patients de-
spite the large number of pills to be swallowed at once.
Others prescribe oral dexamethasone tablets (TABLE 1).
Dexamethasone may have advantages over other formu-
lations, given that is has no mineralocorticoid effects and
is therefore associated with fewer overall symptom com-
plaints (other than a higher predilection for behavioral
changes), but this has not been shown to be important
with short-term pulse therapy.
Ultimately, the oral CS regimens are often the most

simple, convenient, and cost effective regimens to em-
ploy for the treatment of MS exacerbations. The response
to CS for exacerbations is highly variable. As such, some
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of us will offer a second course of therapy if we perceive
that the exacerbation continues, or is worsening despite
intervention. In these cases, we counsel patients on the
importance of having reasonable expectations to be de-
rived from CS treatments. Nonetheless, if patients fail to
respond to oral CS (perhaps after a week or so) and
exhibit ongoing features of the exacerbation, we will
then consider following the oral regimen with an intra-
venous course of steroids.
An important pearl with respect to the use of CS or

ACTH is consideration of the individual patient’s past
experience and preferences with respect to efficacy, tol-
erability, and convenience. Patients often have very
strong impressions concerning their experiences with
steroids, and may ultimately be best able to determine
which formulations have been the most effective. This is
not surprising, given that the individual agents and their
regimens are in fact different, and that pharmacogenetic
factors may determine differential efficacy and tolerabil-
ity across patients. We suggest that providers directly
query patients about these experiences and their subjec-
tive but nonetheless important observations that may
indicate intolerance.

INTERACTIONS AND SIDE EFFECTS

Drug interactions
Corticosteroids have traditionally been considered to

have relatively few clinically important drug–drug interac-
tions, but interactions with warfarin (Coumadin) can cause
either increased or decreased warfarin effect, and interac-
tions between corticosteroids and enzyme-inducing antiepi-
leptic drugs such as phenytoin (Dilantin), phenobarbital,
and carbamazepine (Tegretol) are now recognized as com-
mon, because CS are also metabolized by the cytochrome
P-450 (CYP) isoenzymes. This may result in reduced serum
levels of one or both drugs because of enzyme induction,
and may require increasing the dose of both drugs. The
need for monitoring anticonvulsant levels should be con-
sidered, because dexamethasone has clearly been shown to
significantly reduce phenytoin serum concentrations and
has led to an increase in seizures in MS patients with
epilepsy.52 Given that little is understood about the best
dose of CS for the treatment of relapses, this has not led us
to adjust CS dose in patients using these therapies. In con-
trast, enzyme-inhibiting drugs—notably valproic acid
(Epival), fluvoxamine (Luvox), nefazdone (Serzone), cal-
cium channel blockers such as diltiazem (Cardizem) and
verapamil, troleandomycin, erythromycin, clarithromycin
(Biaxin), and oral antifungal agents—may impair the me-
tabolism of CS and may therefore increase toxicity.

Adverse effects of CS and ACTH
A number of well-recognized adverse events can be

associated with the use of steroids and ACTH:

1) Behavioral effects
a) Depression
b) Euphoria
c) Agitation
d) Anxiety
e) Psychosis (rarely)

2) Sleep derangements

3) Hypertension

4) Diabetes

5) Lipid derangements

6) Gastritis and reflux

7) Edema

8) Skin changes

9) Metallic taste

10) Bone loss

11) Weakness

12) Avascular necrosis (rare with acute use)

13) Cataracts and glaucoma (rare with acute use)

14) Anticoagulation problems for those on warfarin

In most circumstances, this adverse-event profile is
associated with the chronic utilization of these agents.
Some patients, however, can exhibit highly conspicuous
and intolerable side effects even with very short courses
of CS and ACTH. Among the more commonly encoun-
tered problems are insomnia, emotional lability (depres-
sion, irritability, euphoria, and rarely psychosis), dyspep-
sia, headache, and hypertension. Despite the strong
preoccupation with the idea that CS frequently produce
gastric irritation, there has been little of an evidence basis
for this, particularly in the context of pulse therapy in
MS.49 Nevertheless, some of us commonly place such
patients on either H2 blockers or proton pump inhibitors.
For those with hypertension who require pulse steroid
therapy, we have such patients carefully monitor their
blood pressure readings at home and report problems to
the clinic. Similarly, diabetic patients who are treated
with CS need to carefully and consistently monitor blood
glucose levels to ensure avoidance of severe hypergly-
cemia (potentially requiring insulin) and a hyperosmolar
state.
Patients with diabetes mellitus and those who are tak-

ing warfarin should be monitored during steroid therapy,
as should patients at risk for the development of other
serious side effects related to hyperglycemia and drug
interaction–induced alterations in prothrombin time. De-
spite these potential side effects, the vast majority of MS
patients can be effectively and safely treated with any of
the regimens that we describe (TABLE 1).
Patients on CS therapy may exhibit a diminished re-

sponse to toxoids and live or inactivated vaccines, due to
inhibition of antibody response. CS may also potentiate
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the replication of some organisms contained in live at-
tenuated vaccines. If possible, routine administration of
vaccines or toxoids should be deferred until CS therapy
is discontinued.
An association between use of systemic CS and cleft

lip and palate (OR 	 2.59; 95% CI 	 1.18–5.67) has
been demonstrated in humans, after many animal studies
suggested this association.52,53 During early pregnancy,
when cleft disorders develop, CS should be used only if
the potential benefit justifies the potential risk to the
fetus.

SAMPLE PATIENT VIGNETTES AND REVIEW

Vignette 1
A 19-year-old woman with relapsing–remitting multi-

ple sclerosis (RRMS) presents with new-onset optic neu-
ritis. She is treated with oral methylprednisolone at 1
g/day for 3 days, followed by prednisone taper. She
recovers her vision.

Vignette 2
2. A 24-year-old woman with RRMS currently treated

with interferon (IFN) �1-a presents to hospital with a
severe sensorimotor myelitis. Exam shows hypesthetic
paraparesis and a level at T8. Magnetic resonance imag-
ing- shows a lesion within the spinal cord at T6. She
admits to being frequently noncompliant with her injec-
tions. In fact, she last had a dose of IFN�1-1a a full 3
months ago. IFN-neutralizing antibodies are negative.
There is a nationwide shortage of methylprednisolone.
Instead, she is treated with intravenous dexamethasone at
160 mg/day for 5 days, followed by an oral prednisone
taper (TABLE 1). Physical therapy is started. She im-
proves significantly over 2–3 weeks. Given intensive
counseling and education, she promises to be compliant
with her IFN�1-1a injections.

Pearls
Currently there are no data to support the following

practices:

1) use of a specific steroid for exacerbations, with the
exception of a first event of optic neuritis (in which
case the standard of care is high-dose intravenous
methylprednisolone, 1 g/day for 3 days, followed
by a prednisone taper);

2) use of a specific steroid for relapse reduction;

3) a particular route of administration for steroids;
and

4) use of a particular dose of steroid for treatment of
relapses.

CONCLUSION AND FUTURE DIRECTIONS

CS and ACTH are effective and generally well toler-
ated when carefully and systematically used for treating
MS exacerbations. Although there is a broad diversity of
potential treatment regimens, neurologists must gain ex-
perience with those they feel comfortable in prescribing.
Without doubt, we are in great need of more evidence-
based studies to determine whether there are in fact true
differences among the various agents, doses, and their
applications in specific pulse and tapering regimens. Un-
fortunately, a formidable challenge to executing such
studies is the absence of any patent rights on these
agents, and the long-held perception that the use of these
agents does not alter the ultimate course of the MS
disease process.
We do know from the ONTT that short-term courses

of steroids applied to patients with optic neuritis do not
in fact exert any long-term benefits. Nevertheless, these
agents are typically given at the time of an exacerbation
for only a defined period before being withdrawn. This
approach alone is certainly not a logical therapy for a
disease that is multiphasic and protracted in most pa-
tients. We also know from the ONTT that those who
received high-dose intravenous steroids within 8 days of
optic neuritis onset had an �50% reduction in the risk of
another inflammatory demyelinating event for up to 2
years (despite being treated for only 14 days).35 It is
conspicuous that continuously administered interferons
and glatiramer acetate show only about a one-third re-
duction in attack rate over 2 years. Future studies should
then also consider whether CS and ACTH may provide
disease-modifying effects if used on a regular basis. Dis-
ease-modifying effects are the subject of the companion
article in this issue, the second of this two-part series.
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