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A double-blind controlled trial of high dose
methylprednisolone in patients with multiple sclerosis:
1. clinical effects
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SUMMARY - A randomised double-blind, placebo-controlled trial of high-dose, pulsed intravenous
methylprednisolone was carried out in 50 individuals with multiple sclerosis; 22 patients were in
acute rerapse and 28 had chronic progressive disease. After a baseline assessment using the Kurtzke
functioffal and expanded disability status scales each patient was randomly allocated to intravenous
treatment with methylprednisolone (500 mg) or a saline placebo administered as a single daily dose
for 5 days. Clinical assessments were repeated at 1 and 4 weeks after starting treatment. The results
from all 50 patients showed a highly significant effect in favour of methylprednisolone treatment (p
< 0 001). In patients with relapse, there was a significant decrease in clinical disability scores at 1

and 4 weeks in the methylprednisolone treated group compared with controls (p < 005 for each
comparison). In the chronic progressive group, disability scores at 4 weeks only were significantly
lower after treatment with methylprednisolone (p < 0-01), mainly attributable to improvement in
pyramidal function.

Corticosteroids increase the rate of recovery from
relapse in multiple sclerosis' 2 but do not affect the
long term course of the disease.3-5 However, recov-
ery from relapse after conventional treatment with
intramuscular ACTH or oral corticosteroids often
develops slowly and prolonged courses of treatment
increase the likelihood of adverse effects. Recently,
high-dose pulsed intravenous methylprednisolone has
been used with success in the management of immu-
nologically mediated diseases69 and similar treat-
ment regimens, given openly, have been reported to
be beneficial in acute exacerbations of multiple sclero-
SiS.10 - 13 Dowling, Bosch and Cook'0 observed rapid
clinical improvement with minimal side effects in five
out of seven patients with acute demyelinating lesions
who were given high-dose intravenous methyl-
prednisolone and in the short term, Barnes et al14
found this treatment more effective than intra-
muscular ACTH. Despite promising results from
uncontrolled pilot studies few controlled trials of this
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treatment in multiple sclerosis have been published
and the mechanism of action of methylprednisolone is
uncertain. Furthermore, most studies have reported
the use of intravenous methylprednisolone in patients
with acute relapsing multiple sclerosis and the possi-
ble role of this treatment in other forms of the disease
has not been adequately investigated. This report
presents the results of a controlled trial of intravenous
methylprednisolone in patients with acute
exacerbations of multiple sclerosis or chronic
progressive disease. Laboratory investigations were
carried out in an attempt to determine the possible
mode of action of the drug and are reported sepa-
rately.' 5

Patients and methods

Fifty patients, mean age 36-9 (range 18-67) years gave
informed consent to take part In this study. Clinical details
are given in table 1. Patients were classified using the criteria
of McDonald and Halliday'6 with the modification that a
minimum disease duration of one year was not essential for
inclusion. Patients were either studied in acute relapse (n =
22) or they had chronic progressive disease (n = 28). Each
group was separately randomised. Relapse was defined as
the occurrence of one or more new, or a worsening of exist-
ing symptoms of less than 8 weeks but more than 24 hours
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Table 1 Clinical details in 50 patients with multiple sclerosis treated with methylprednisolone or placebo

Progressive
Early

Age probable Probable Possible Suspected Duration Duration Duration of
Age Sex at onset Clinically multiple multiple multiple multiple of disease of relapse progression
(yr) F/M (yr) definite selerosis sclerosis sclerosis sclerosis (yr) (weeks) (yr)

Acute 341 + 99 18/4 286 + 8-3 16 1 3 1 1 54 + 66 4 + 1-7 -
relapse
n = 22

Progressive 39-8 + 10 5 16/12 33 + 10-4 19 0 3 5 1 7 1 + 5-5 - 3-7 + 3-2
multiple
sclerosis
n = 28

duration,which had not improved spontaneously at the time
of entry into the trial. The duration of the progressive phase,
identified retrospectively from case records, was more than
one year in most cases (mean 3-7; range 05-11 years).
Patients with isolated optic neuritis were not studied and
those with medical conditions (diabetes, severe heart disease,
hypertension, pregnancy) that would either interfere with
neurological assessment or represent a contra-indication to
treatment with high dose corticosteroids were excluded.

All patients were assessed at entry under double-blind
conditions using the Kurtzke functional and expanded dis-
ability status scales. They were then randomly allocated to
treatment with methylprednisolone 500 mgs. (Solu-
Medrone, Upjohn) dissolved in 78 ml of benzyl alcohol
(0-9% w/v) or an equivalent volume of saline reconstituted
in 100 ml of normal saline and given as a single daily dose for
5 days by intravenous infusion over 1 hour. Following a
repeat clinical examination at one week patients were dis-
charged from hospital and admitted for re-assessment at 4
weeks or. they remained in -hospital until discharge was
appropriate. Physiotherapy was given when necessary and
all pre-existing medications was continued throughout the
trial. All control patients in relapse showing no
improvement, or further progression of disability at the end
of the study, were subsequently offered treatment with intra-
venous methylprednisolone or oral prednisolone.

Visual evoked potentials were recorded and samples of
peripheral blood and cerebrospinal fluid taken before ran-
domisation and at 4 weeks for laboratory measurements, the
results of which are reported elsewhere.15

Statistical analysis
Analyses of covariance, using disability score at 1 or 4 weeks
as the outcome and corresponding baseline assessments as
covariate, have been used to compare active and placebo
treatment. The Kurtzke disability scale is not linear and
numerically equivalent changes do not carry the same clin-
ical significance at different points on the scale, so that the
analyses were repeated using the non-parametric Mann-
Whitney tests. Differences in age, age at onset, duration of
disease or relapse, or the progressive phase, between the two
treatment groups were assessed using Student's t test.

Results

In patieiL.s with acute relapse there were no statistical
differences in age, age at onset, duration of disease or

relapse and clinical disability at entry into the trial. In
patients with progressive multiple sclerosis the mean
age in the methylprednisolone treated group was 34 4
(± 77) years, compared with 44 9 (± 13 3) years in
controls and the mean age at onset in the actively
treated group was 27-1 (± 7 9) years compared with
39 (± 13) years in controls. These differences were sta-
tistically significant (p < 0 05 and p < 0 01
respectively). Clinical disability scores were
significantly higher at entry in methylprednisolone
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Fig Clinical disability scores before (horizontal axis) and 4
weeks after (vertical axis) treatment in 50 patients with
multiple sclerosis. Methylprednisolone, acute relapse ( );
methylprednisolone, chronic progression (a); placebo, acute
relapse (0 ); placebo, chronic progression (E ). Cases in
whom disability scores did not change appear on, or adjacent
to, the diagonal line. A decreased-disability score after
treatment is indicated by a point below, and an increased
disability score by a point above this line. Analysis of
covariance revealed a significant effect infavour of
methylprednisolone treatment (t = -3 85; p < 0 001).
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Table 2 Results of treatment in patients with acute relapse

Disability Status Scale
Age at onset

Case Age/sex (yr) Entry I week 4 weeks

Methylprednisolone
I 31/F 22 7 25 2
2 31/F 31 3-5 3-5 25
3 39/F 34 6-5 4 3
4 33/F 26 6 3 2
5 42/F 42 6-5 6 6
6 37/F 27 3-5 2 1
7 38/M 38 3.5 3 2
8 23/F 23 9 8-5 8-5
9 27/M 27 5-5 2-5 2
10 37/F 32 4 3 2
11 38/F 20 3-5 2-5 2-5
12 36/F 36 4 3 2
13 18/F 18 4 4 4
Placebo
14 21/M 19 2 2 25
15 45/F 44 7-5 7 7.5
16R 22/F 22 8 8 Withdrawn after

10 days
17 51/M 31 3 1-5 1
18 29/F 22 4 4 4
19R 33/F 32 6 6 6-5
20R 23/F 16 3-5 3.5 5
21 36/F 36 4 4 2
22 55/F 35 4 3.5 3.5

R = further relapse or progression of disability.

treated patients than controls (t = -3 46; p < 0-0 1).
There were no statistical differences in duration of
disease or of the progressive phase.
The results from all 50 patients in the trial are illus-

trated in the figure. Twenty six patients were random-
ised to treatment with methylprednisolone and 24
received placebo preparations. No patient given
methylprednisolone was worse after treatment and no
serious adverse effects were encountered during the
trial. Methylprednisolone treated patients showed
decreased disability scores at 4 weeks in 19 of 26
whereas 7/26 subjects were unchanged. Six of seven
non-responders were patients with progressive multi-
ple sclerosis. In the control group, 7/24 cases showed
a decrease in disability scores at 4 weeks, 6/24 had
increased disability and 10/24 were unchanged; one
patient did not complete the study. These results show
a significant effect in favour of methylprednisolone
treatment (t = -3-85; p < 0 001). The data were
analysed further to determine the relative con-
tributiont of the two clinical groups.

Acute relapse group
Treatment with methylprednisolone during acute
relapse resulted in a significant decrease in clinical dis-
ability scores at I and 4 weeks after treatment com-
pared with controls (t = -2-31 and -2-57
respectively; p < 005; table 2). Eight of thirteen
patients had improved I week after starting methyl-
prednisolone and in 4/8 cases the decrease in disabil-
ity ranged from 2 5-4-5 points on the Kurtzke scale.

This initial rapid response was followed by further
clinical improvement in 7/8 cases showing
improvement by I week. At 4 weeks, 10/13 patients
showed a decrease in disability score which was > 1
point on the disability scale and in four cases the
decrease ranged from 3-5-5 points (table 2). In con-
trast, controls who showed a similar range of disabil-
ity scores before treatment compared with
methylprednisolone treated patients did not improve
as a group. Two patients improved spontaneously,
four were unchanged and two were worse at the end
of the trial. One patient (Case 19) had a spastic para-
paresis on entry to the trial which progressed and
another (Case 20) who had a cervical cord lesion at
entry developed an internuclear ophthalmoplegia due
to a further relapse during the period of observation.
One control patient (Case 16) was withdrawn from
the trial 10 days after starting treatment after
becoming psychotic.

Progressive multiple sclerosis group
There was a significant decrease in disability scores at
4 weeks after treatment with methylprednisolone in
patients with progressive multiple sclerosis (t =
- 3-25; p < 0-01; table 3) even though these patients
were clinically more disabled before treatment than
controls due to a randomisation error. Six of thirteen
patients showed a reduction in disability scores which
was > 1 point on the scale at 4 weeks and in all six
cases there was improved pyramidal function, due
largely to a decrease in spasticity. Two of six patients
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Table 3 Results of treatment in patients with progressive multiple sclerosis

Disability Status Scale
Age at onset

Case Age/sex (yr) Entry 1 week 4 weeks

Methylprednisolone
23 40/M 24 6 6 6
24 43/F 22 3 5 2 5 2 5
25 26/F 22 6 5 5 5
26 37/F 33 7 7 5 7
27 29/F 29 6 5 6 4
28 45/F 34 4 5 3-5 3 5
29 24/F 17 6 6 6
30 28/F 26 65 6 6
31 28/M 22 95 95 9.5
32 34/M 23 6 6 6
33 48/F 48 2 5 1.5 1
34 32/F 28 6-5 6 5 5-5
35 36/M 24 7 7 7
Placebo
36 60/F 55 3 3 3.5
37 43/M 40 3-5 3.5 3.5
38 30/M 27 3-5 3.5 3.5
39 34/M 31 3 3 3
40 33/F 33 3.5 3.5 3.5
41 59/M 59 3 2 3
42 42/F 29 4 4 3.5
43R 33/M 26 2 3 5 3
44 48/F 44 25 25 25
45 23/F 18 4 3.5 3.5
46 63/M 56 3.5 3 3
47 52/F 40 65 65 65
48 67/M 59 65 65 65
49 39/F 34 4 4 3.5
5OR 48/M 34 6 6 7-5

R = relapse.

also showed improvement in sensory function after
methylprednisolone but scores in other functional
systems were unchanged. There was no increase in
disability in any patient treated with methyl-
prednisolone.

Controls showed no significant change after treat-
ment but two patients showed evidence for a relapse
during the trial. Case 50 had a severe spastic para-
paresis at entry and had developed diplopia due to a
bilateral internuclear ophthalmoplegia when re-
assessed at 4 weeks; Case 43 had lost vibration sense
in both lower limbs when re-examined at 1 week
which was clinically asymptomatic (table 3).

Discussion

This study confirms previous reports that pulse ther-
apy with high dose intravenous methylprednisolone is
effective treatment for patients with multiple sclerosis
in relapse'0 -14 and also' shows that it is beneficial in
some patients with chronic progressive disease.

Clinical improvement was rapid in onset during
relapse and the main decrease' in disability scores
occurred within one week after starting treatment
although most patients were aware of subjective
improvement after the third dose. This initial rapid
response was followed by some further clinical
improvement at 4 weeks in the majority of responsive

patients. These clinical points are well illustrated by
Case 1 who was unable to walk 50 metres even with
aid before treatment (disability score 7) but had only
minimal disability in two functional systems one week
later (disability score 2 5): Case 4 had a disability
score of 6 on entry which fell to 2 at four weeks. A
further five patients showed a decrease in disability of
2 points or more on the Kurtzke scale four weeks
after treatment and in one patient (Case 6) this
signified the presence of neurological signs only, with-
out symptoms or disability. In contrast, controls in
relapse showed no spontaneous improvement as a
group: some individuals recovered but the variability
of results observed after placebo treatment was con-
sistent with the natural history of acute exacerbations
of multiple sclerosis. No patient deteriorated after
treatment with methylprednisolone, whereas three
patients either progressed or showed clinical evidence
for a further relapse during the trial after receiving
placebo preparations. The rapid onset of recovery
obtained with intravenous methylprednisolone,
reported here and elsewhere, °- 14 iS particularly
desirable for patients in acute relapse and achieves
-useful clinical improvement in the shortest possible
time without the adverse effects encountered with
prolonged administrations of corticosteroids by other
routes. In addition, this treatment often shortens the
duration of hospital admission for patients in relapse
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and will reduce demands on ancillary services thereby
greatly adding to the cost-effectiveness of the treat-
ment, despite the relative expense of the drug. In this
study, all methylprednisolone treated patients were

well enough to be discharged from hospital after 1

week, whereas the placebo treated cases required
longer admissions, more physiotherapy and more

care from attendant medical and nursing staff even

when improvement occurred spontaneously.
The role of high dose pulsed intravenous methyl-

prednisolone in patients with progressive multiple
sclerosis is less certain than during relapse. Significant
clinical improvement was achieved in this study even

though the methylprednisolone treated group were

clinically more disabled than controls at entry sug-

gesting that this treatment may be even more effective
in patients with progressive multiple sclerosis than
was evident from our results. Conversely, the younger
age at onset of disease in actively treated patients may
have contributed to the results since this is associated
with a better prognosis.17 18 All six patients with
decreased disability scores after methylprednisolone
showed improved pyramidal function due to a

decrease in spasticity, whereas cases with flaccid
weakness were unchanged. Improvement in other
functional systems was less marked after methyl-
prednisolone although 2/6 patients showed a modest
improvement in sensation. Two placebo treated
chronic progressive cases showed clinical evidence for
further relapse; therefore overall five patients deterio-
rated clinically during the trial, all of whom received
placebo treatment.
Although the effect of methylprednisolone is rapid

in onset it does not prevent further relapse or

progression of the disease. Long term immunological
drug therapy may arrest disease progression but is
slow to act and the effect may be delayed for several
months.19 As there is some evidence that disease
activity is continuous throughout the entire course of
multiple sclerosis, even in relapsing cases, it seems

logical to suggest that combined treatment with intra-
venous methylprednisolone followed by a long term
maintenance therapy might be more effective than
either agent alone. This approach has already been
used with some success in the management of severe

generalised myasthenia20 and other immunologically
mediated diseases and permits the use of a smaller
maintenance dose of immunosuppressive treat-
ment.6 -9 The possibility exists that a similar
approach to treatment of multiple sclerosis would
provide an additional role for methylprednisolone in
the long term management of this disease.

This study has demonstrated that intravenous
methylprednisolone can achieve short term
improvement in patients with acute and progressive
multiple sclerosis and others have shown that this

regimen is more effective than ACTH. Methyl-
prednisolone was easily administered, well tolerated
and surprisingly free from serious adverse effects.
Slight reddening of the face, transient ankle swelling
and a metallic taste in the mouth during infusion were
the most frequently reported side effects but these
were mild and never as severe as with prolonged
courses of intramuscular ACTH or oral corti-
costeroids and did not influence the blinding pro-
cedure. Furthermore, clinical use of intravenous
methylprednisolone in other conditions has been
associated with remarkably few serious adverse
effects even with dosages considerably greater than
used in this study21 although there may be more com-
plications with repeated courses. In our experience,
intravenous methylprednisolone is a safe and effective
treatment for patients with multiple sclerosis and
significant side effects did not occur during or imme-
diately following the trial. It would be possible to
administer this treatment on an outpatient or domi-
ciliary basis without need for hospitalisation and this
would further increase its cost-effectiveness. How-
ever, at present methylprednisolone should be
reserved for patients with a severe relapse where there
is a significant effect on aspects of daily living and in
those patients with progressive multiple sclerosis in
whom spasticity is a source of significant disability.
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