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Placebo controlled pilot trial to study the
remyelinating potential of intravenous
immunoglobulins in multiple sclerosis
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Abstract
Currently there is no treatment available
to improve a stable deficit in multiple
sclerosis. It was shown in animal models
that intravenous immunoglobulins (IVIg)
can enhance central nervous remyelina-
tion, and the first open trials were promis-
ing. We therefore conducted a double
blind, placebo controlled pilot study to
evaluate the eVect of IVIg treatment in
patients with multiple sclerosis with a
stable clinical deficit. The primary out-
come parameter was the change in central
motor conduction time as an indirect
measure of central myelination. Second-
ary outcome parameters were neurologi-
cal examinations including the expanded
disability status scale (EDSS), neurologi-
cal rating scale (NRS), and manual mus-
cle testing (MMT). Ten patients were
treated first with placebo and then with
IVIg (0.4 g/kg body weight on 5 consecutive
days), the two treatments being separated
by an interval of 6 weeks. There was no
diVerence in the central motor conduction
times measured before and 6 weeks after
each treatment. Clinically there was a
small improvement after IVIg treatment,
but there was no significant diVerence
when compared with placebo. In conclu-
sion, our data do not support a role for
IVIg in the remyelination of stable multi-
ple sclerosis lesions as measured by
central conduction time. The importance
of the small clinical benefit is currently
not clear.
(J Neurol Neurosurg Psychiatry 2000;68:89–92)
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Multiple sclerosis is a disabling disease charac-
terised by demyelination of the CNS). There is
currently no therapy to improve a persistent
clinical deficit. Spontaneous remyelination
occurs in multiple sclerosis lesions, but it is
often incomplete.1 2 Augmentation of such
remyelination could provide repair of lesions
and possibly reverse a neurological impair-
ment. Treatment with intravenous immu-
noglobulins (IVIg) modulates the immune sys-

tem and has been used successfully in some
autoimmune neurological disorders.3 In multi-
ple sclerosis, administration of IVIg can reduce
the relapse rate and the number of gadolinium
enhancing lesions on MRI.4–6 In an experimen-
tal model of multiple sclerosis—Theiler’s virus
encephalomyelitis—it was demonstrated that
immunoglobulins can enhance remyelina-
tion.7 8 In small open trials, visual acuity and
colour vision improved in stable optic neuritis
in patients with multiple sclerosis after IVIg
treatment,9 and there was clinical improvement
of paresis.10 We have conducted a pilot trial
investigating the remyelinating potential of
IVIg using central conduction times as a
measure of CNS myelination.

Patients and methods
PATIENTS

Inclusion criteria were clinically definite
relapsing-remitting multiple sclerosis11 with an
expanded disability status scale (EDSS)12 score
between 2.0 and 4.5, and a clinically stable
neurological deficit. The last clinical relapse
must have occurred more than 3 months ago
without an ongoing improvement. Exclusion
criteria were treatment with interferon-â or
other immunomodulatory therapies, preg-
nancy, diabetes mellitus, renal insuYciency,
liver disease, and heart disease.

All patients gave written informed consent
before inclusion, and the study has been
approved by the local ethics committee.

STUDY DESIGN

The study was designed as a double blind pla-
cebo controlled trial. A 6 week run in period to
document the stability of the clinical deficit
preceded two identical and consecutive 6 week
treatment periods. Based on previous trials9 13

we chose a time span of 6 weeks for treatment
evaluations. Each patient was treated first with
placebo and then with IVIg to act as his or her
own control. This non-randomised design was
chosen to avoid a carry over eVect due to the
long half life of IVIg. A much larger sample size
would have been required for the comparison
in a two group analysis,13 and a longer wash out
period would increase the chance of relapses
that would interfere with the study. Patients,
evaluating neurologist, electrophysiological
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examiner, and nurses were blinded to this
treatment regimen.

Patients received 0.4 g/kg body weight IVIg
(5% IgG in 5% sorbitol, 0.9% NaCl, maximum
0.6% PEG, pH 5–6) on 5 consecutive days.
Placebo treatment consisted of the identical
amount of the carrier substances, delivered in
identical flasks.

The primary outcome measure was change
in central motor conduction time. Secondary
outcome measures were neurological function
tests and neurological scales.

ELECTROPHYSIOLOGICAL STUDIES

Electrophysiological measurements included
standard motor evoked potentials (MEPs)
using a Nicolet Viking myograph and a Dantec
Mag Pro stimulator with a circular coil type 16
E 57 for individual stimulations. The centre of
the coil was held tangentially over Fz (inter-
national 10/20 system). Muscle responses were
recorded with surface electrodes placed over
the M extensor digitorum brevis. The stimula-
tion intensity was 20% above the threshold,
and the preinnervation was kept stable at 10%
of maximal force by analog recording on a
separate monitor. The peripheral conduction
time was calculated by the formula:

peripheral conduction time=(F wave
latency+M wave latency)/214 15

Central motor conduction was calculated as
the total conduction time minus peripheral
conduction time with the normal range being
12.5 ms±3.4 (2 SD); with peak to peak ampli-
tude in mV.16 Of a total of 12 measurements the
shortest and longest latencies were ignored and
values calculated as the mean of the remaining
10 measurements. Electrophysiological meas-
urements were made by the same examiner at
inclusion into the study, 3–14 days before the

first treatment, 6 weeks after the first treatment
(which was 1–5 days before the second
treatment), and 6 weeks after the second treat-
ment.

NEUROLOGICAL ASSESSMENT

Each neurological evaluation included EDSS
score, Scripps neurological rating scale
(NRS),17 time to walk 20 m unaided, time to
climb 12 steps, and a manual muscle test
(MMT).18 Neurological functions were as-
sessed at the same times as the electrophysi-
ological testing.

STATISTICAL ANALYSIS

Analysis of the primary and secondary out-
come measures with repeated measures analy-
sis of variance (ANOVA) were performed.
Multivariate tests were used if assumptions for
univariate testing was possibly violated. Due to
the small sample size results up to p=0.1 were
considered for post hoc analysis by t test for
single measure comparisons. Treatment peri-
ods were compared using two way ANOVA
with repeated measurements on both factors
(before and after treatment and placebo and
IVIg eVect). DiVerences in the response to the
stimulus between placebo and treatment
groups were tested by the interaction eVect of
this two factorial design.

Results
All 10 patients included in the study completed
all evaluations. Baseline demographic and
clinical data for the patients are given in table 1.
There were no major changes of the electro-
physiological measurements and the neurologi-
cal rating during the 6 week run in period from
inclusion until the first treatment (table 2),
demonstrating that the patients were in a stable
clinical condition.

EFFECT OF IVIg ON MEP, THE PRIMARY OUTCOME

MEASURE

Measurement of MEPs before and 6 weeks
after each of the two treatments showed only
minor changes that were not significant. After
IVIg treatment, the central conduction time
decreased by 0.71 (SD 2.3) ms compared with
0.55 (SD 2.7) ms after placebo (fig). Thus, no
evidence was discovered for IVIg aVecting cen-
tral myelination as measured by MEP. F Wave
latencies as indicators of peripheral conduction
time were likewise unaVected. Similarly, no
significant change in amplitudes was found
(table 2).

EFFECT OF IVIg ON NEUROLOGICAL FUNCTION

There was a significant improvement in the
NRS 6 weeks after IVIg treatment (p=0.029;
table 2). However, there was also an improve-
ment (non-significant, p=0.081) after placebo
treatment, and comparison of the two treat-
ment periods showed no significant diVerence.
A similar small improvement was seen in the
MMT with both treatments. Thus these
improvements are likely to represent a placebo
eVect. No significant changes were found for
EDSS, time to walk 20 m, and time to climb 12
steps.

Table 1 Baseline characteristics for the enrolled patients

Patient No Age Sex
Duration of
MS (y)

Last relapse
(months)

Baseline
EDSS

Baseline
NRS

1 38 M 10 24 3,5 71
2 46 M 25 4 4,0 71
3 49 M 10 4 3,0 92
4 54 F 13 9 4,0 78
5 53 F 27 11 3,5 84
6 28 M 8 4 4,0 60
7 38 M 12 4 4,0 60
8 38 M 6 4 3,5 75
9 31 F 6 14 3,5 67
10 55 F 12 11 2,0 81
Mean 43 6M/4F 12.9 8.9 3.5 73.9
Range 28–55 6–27 4–24 2,0–4,0 60–92

Table 2 Electrophysiological and clinical measurements

At inclusion Before placebo
After placebo/
before IVIg After IVIg

MEP (ms):
To left leg 22.78 (8.6) 23.14 (10.5) 22.77 (9.0) 21.71 (8.6)
To right leg 23.34 (10.4) 24.68 (11.7) 23.95 (11.2) 23.6 (11.3)

Amplitude (mV):
To left leg 1.51 (0.9) 1.45 (1.3) 1.46 (1.1) 1.44 (1.2)
To right leg 1.14 (0.6) 1.36 (0.7) 0.89 (0.5) 1.01 (0.8)

EDSS 3.5 (0.6) 3.5 (0.6) 3.45 (0.9) 3.4 (0.6)
NRS 73.9 (10.3) 71.7 (9.1) 74.8 (8.4) 78.0 (6.8)
MMT 226.5 (9.9) 227.7 (11.9) 228.7 (9.0) 232.1 (6.0)
Walk 20 m (s) 13.9 (3.1) 13.8 (2.6) 14.4 (3.4) 13.5 (2.3)
Climb 12 steps (s) 7.3 (1.3) 7.3 (1.3) 7.3 (1.3) 7.2 (2.1)

Values in parentheses are SD.
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ADVERSE EFFECTS

Treatment with IVIg was well tolerated. The
only adverse eVect occurring more often
during IVIg treatment was headache (six
patients during IVIg treatment, three patients
during placebo treatment). Laboratory tests
showed the expected rise of total serum protein
and IgG concentration from 11.0 (SD 3.1) g/l
to 42.3 (SD 9.1) g/l. Changes for all other
laboratory tests (full blood count, liver en-
zymes, renal variables, and blood glucose) were
only minor.

BLINDING

After completion of the trial, patients and
evaluating neurologist were asked to assign
which of the treatments they considered as pla-
cebo or IVIg. Four patients guessed correctly,
one because of the experienced side eVects
(headache) during active treatment. One pa-

tient guessed incorrectly and five were not able
to assign any treatment to IVIg or placebo. The
evaluating physician guessed correctly in four
patients and incorrectly in four patients and
was not able to decide this question in two
patients. This suggests that blinding was valid
for both patients and evaluating neurologist.

Discussion
To evaluate the potential of IVIg to induce
remyelination in patients with multiple sclero-
sis with stable motor deficit, this is the first
study using as primary outcome central motor
conduction as the best available objective
measure of CNS myelination. No diVerence
was seen between placebo and active treat-
ment. This is in line with data from another
IVIg treatment study in multiple sclerosis with
MRI as the main evaluating instrument, in
which only a non-significant improvement in

(A) Original track record of a representative magnetic stimulation. (B) Changes in central motor conduction time to both
legs as measured by MEP before and 6 weeks after placebo and IVIg treatment, respecitvely. The dotted line indicates the
upper limit as 12.5 ms±2 SD (3.4 ms). Filled circles are used for measurements to the right leg, open squares to the left leg.
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the central motor conduction was seen during
IVIg treatment.6

The initial results from an open study with a
similar patient population as ours showed some
clinical benefit after IVIg, but this study did not
include electrophysiological measurements
and had no placebo control.10 Subsequent con-
trolled trials on stable motor deficit and optic
neuritis in multiple sclerosis failed to confirm
the positive results.19 20

There are several possible explanations why
remyelination by IVIg could not be demon-
strated in our and in other studies: (1) It is not
clear how long and what dose of IVIg should be
administered to promote remyelination, and
possibly our treatment protocol was too short.
However, other trials with longer treatments
similarly did not show a reversal of a perma-
nent deficit.19 20 (2) The time of treatment,
when there is a fixed deficit, may be too late for
a remyelinating therapy, for which there is pos-
sibly only a certain yet unknown time window.
Another important question is whether IVIg
can enter the brain parenchyma to target the
remyelinating cells. (3) Studies in the Theiler’s
virus model have shown that the immu-
noglobulins most eVectively promoting remy-
elination were IgMs that recognise antigens on
oligodendroglial cells.21 The IVIg preparations
used in multiple sclerosis studies so far contain
no or only traces of IgM. (4) Finally, although
the central conduction time is currently the
best availabe measure of CNS myelination, the
degree of clinical deficit in multiple sclerosis
and the change in evoked potential latency may
correlate poorly. In this respect, the importance
of the small clinical benefit seen in our study is
currently not clear, but the study was not
designed to evaluate this aspect.

Many studies have shown that IVIg is a
potent immunomodulator3 22 23 and there is
compelling evidence that IVIg has a beneficial
eVect on relapse rate in multiple sclerosis.
Despite promising results from experimental
work and clinical pilot trials, this and other
studies were thus far unable to demonstrate an
eVect of IVIg on myelin repair in permanent
defects in multiple sclerosis.
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gen, Germany, providing IVIg and placebo. MS was the recipi-
ent of a DFG research scholarship during part of this study. We
thank Dr F Klostermann for help with some of the clinical
evaluations, and Dr Neil Scolding, Cambridge, UK, for helpful
comments on the manuscript.
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