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Article abstract—We conducted a double-blind, placebo-controlled study of 40 patients (aged 19 to 60 years) with clinical
definite relapsing remitting {RR) M3 and brain MRI confirmed. Patients were randomly assigned to receive a loading dose
of immunoglobulin IgG (0.4 ghkghody weight per day for 5 consecutive days), followed by single booster doses (0.4
g/kg/body weight) or placebo once every 2 months for 2 years. The primary outcome measures were change in the yearly
exacerbation rate (YER), proportion of exacerbation-free patients, and time until first exacerbation, Neurologic disability,
exacerbation severity, and changes in brain MRI lesion score were the secondary outcome measures, all determined at
baseline, 1 year, and on completion. Treated patients showed a reduction in YER from 1.85 to 0.75 after 1 year and 0.42
after 2 years versus 1.55 to 1.8 after 1 year and to 1.4 after 2 years in the placebo group (p = 0.0006, overall), reflecting a
38.6% reduction in relapse rate. Six patients in the IVIg group were exacerbation free throughout the 2-year period of the
study, whereas none were exacerbation free in the placebo group. The median time to first exacerbation was 233 days in
the IVIg group versus 82 days in the placebo group (p = 0.003). Neurologic disability as measured by the Expanded
Disability Status Scale (EDSS score) decreased by 0.3 in the IVIg group and increased by 0.15 in the placebo group. Total
lesion score evaluated by brain MRI did not show a significant difference between groups. Side effects were minor and
occurred in only 19 of 630 (3.0%) infusions administered in both groups, Our results suggest that IVIg may be safe and
effective in reducing the frequency of exacerbations in RR-MS.
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these, 40 were enlisted according to the following criteria.

Relapsing-remitting (RR} MS is characterized by the
Inclusion eriteria were clinically definite RR-MS® of more

appearance of worsening of neurclogic symptoms.!

The yearly exacerbation rate (YER) in these patients
ig the main factor affecting neurologic disability and
quality of life, becauge additional relapses the proba-
bility of cornplete clinical remission decreases.2

To alter the course of the disease and ultimately
arrest progression, immunomaodulating drugs are be-
ing widely researched.’” Intravenous immunoglobu-
hn (IVIg) was shown to be beneficial in the
treatment of several immune regulation discrders.8®
In earlier uncontrolled studies, IVIg has been used
in the treatment of acute exacerbation of RR-MS,0-12
with encouraging results. A previous open-controlled
study in 20 RR-MS patients treated with IVig for
3 years demonstrated a significant decrease in
YER.'3!1 The aim of the present study was to conduct
a randomized double-blind, placebo-controlled trial
to evaluate the effects of IVIg treatment on the
course of RE-MS.

Methods. Eligibility of patients. One hundred sixty-
four patients suffering from MS were referred for initial
evaluation by several nationwide neurologic centers. Of

than l-year duration, average YER during the 2 years
preceding the study of 0.5 to 3, EDSS' score of 0 to 6.0,
and age range 18 to 60 years. Exclusion eriteria were pa-
tients with secondary progression disease course, serum
immunoglobutin (IgA) deficieney, long-term steroids or cy-
totoxic medication treatment 12 months before the study,
major psychiatric disorder, and major cognitive impair-
ment. Patients received a detailed explanation, and ail
signed a written informed consent. The study was ap-
proved by the ethical committee of each participating med-
ical center and by the Ethical Committee of the Israeli
Ministry of Health.

Study design. A double-blind, placebo-controlied proto-
col specified IV administration of immunoglobulin (Bayer,
Promedico, Israel) at a loading dose of 0.4 g/kg/body weight
per day for five consecutive days or placebo consisting of
0.9% saline. Additional booster doses of TVig 0.4 gfkg/body
weight or placebo were administered once daily every 2
months for 2 years. The use of saline as a placebo was
preferred to avoid nopspecific protein effect. Taking into
account the different physical properties of the two solu-
tions and the theoretic possibility of identifying the solu-
tions by physical means such as heating, electrophoresis,
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or whipping, considerable precautions were taken to en-
sure blindability. Patients were assigned to receive immu-
noglobulin or placebo by a block-stratified randomization
procedure designed to ensure groups balanced for YER,
age, and disease duration. The code was not broken until
all patients completed the study. All patients and evalua-
tors were blinded to treatment. Randomization was
performed at the pharmacy, and the bottles of immuno-
globulin or placebo were wrapped in sealed opague bags
and brought to the patients’ rooms. The entire IV set was
covered by an opaque plastic bag to ensure that any possi-
ble fluid turbidity or frothing would not be evident to the
investigators or patients. Upon entry, and monthly there-
after, every patient underwent a neurologic examination
by two examining neurologists, and an independent EDSS
score was recorded by each. Mean score was used in the
final statistical analysis. Neuropsychiatric evaluation and
a brain MRI were performed before the study, after 1 year
and 2 years. Routine blood chemistry, CBC, serum immu-
noglobulin levels, and an immunologic profile were deter-
mined at baseline and every 6 months.

Assessment. A relapse was defined as the rapid ap-
pearance, reappearanee, or worsening of one or more neu-
rologic abnormalities, persisting at least 48 hours, after a
relatively stable or improving neurclogic state of at least
30 days. A relapse was confirmed only when the patient’s
symptoms were accompanied by objective changes on neu-
rologic examination by the treating neurologist who was
blind to the patient’s treatment. Patients presenting fever
accompanied by exacerbation were excluded from defini-
tion of relapse. Neurologic disability was scored according
to the Kurtzke EDSS. Exacerbation severity was graded as
follows: mild, a change in one grade in the score for one of
eight functional seores of the Kurtzke EDSS; moderate, a
change in two grades in the score for one of eight func-
tional scores of the EDSS or change in one grade in the
score for two of eight functional groups; and severe, a
change in two grades in the score for at least two of cight
functional scores of the EDSS. Severe and moderate exac-
erbations in either group were treated with IV methylpred-
nisolone (1 g/day)} or oral prednisone (60 mg/day) for B
consecutive days, respectively. Mild exacerbations were
not treated.

Distribution of cumulative disability (deterioration, sta-
bility, improvement) over time was defined as a change of
at least one point in the EDSS score compared with base-
line. Computerized calculation assuming linear change be-
tween two consecutive EDSS score measurements was
used for each time interval.

Neuropsychiatric evaluation was performed by a psychi-
atrist. Each patient underwent a semistructured psy-
chiatric interview and secored on a battery of five
neuropsychological measures covering anxiety, depression,
cognition, and general psychopathology.

Brain imaging was performed on a 0.5-T superconduc-
tive magnet system (Gyrex V, Elscint, Israel). Spin-echo
T1-weighted scans were obtained in the sagittal plane with
a TR of 400-600 msec and TE of 20 msec. Patients were
positioned using a standardized protocol to determine the
angle of alignment for subsequent MRI examinations.
Spin-echo proton density and T2-weighed sequences were
performed using TR of 3,000 and TE of 20 and 80 msec, a
5-mmn skice thickness, and a 1-mm gap between shices. All

Table 1 Demnographic and baseline clinical disease
characteristics of the study patients

IVIg* Placebo*

Variable n =20 (n = 20) p Value
Female/male 16/4 16/4

Age (y) 364+ 21 33.8 +24 0.62
Disease durationf 410 £ 061 3.95 = 0.64 0.88
YERE 1.85 » 0.26 1.55 = 0.17 0.34
Baseline EDSS 290 > 043 2.82 + 0,37 0.89
Baseline MRI 3.21 + 0.53 3.04 = 054 0.82

* Values are means * SEM.
+ Time since definite diagnosis.
+ Mean for the 2 years before the study.

YER = yearly exacerbation rate; EDSS = Expanded Disability
Status Scale.

scans were scored by a neuroradiologist blinded to the
patients treatments. Briefly, as previously described,'”
MRI score was based on the number and diameter of de-
myelinating plagues. The median diamseter value was es-
tablished and the area of the circle with this diameter was
ealculated, Then, the calculated area was multiplied by the
mean number of lesions, and this yielded a comhined score
between 0 (no lesions) and 10 {maximal involvement).

Outcome measures. The primary end points of the
study were YER, proportion of exacerbation-free patients,
and time until first exacerbation. Secondary outcome mea-
sures were exacerbation severity, neurologic disability
(EDSS and distribution of cumulative disability over time),
and annual brain MRI score.

Sample size and power. Stratified randomization
(based on YER in the 2 years before the study, age, and
disease duration} was nsed to assign patients to treatment
groups. Sample size was calculated according to the follow-
ing assumptions: mean YER = 2, 8D of YER estimated as
1.5, p = 0.05 (one tail), and power = 80%.

Under the assumption of 50% expected reduction in
YER, 14 patients were the minimum sample size per
group; with 33% reduction in YER, the minimum size was
38 patients per group. Taking into consideration a 30%
dropout rate, we thus included 20 patients in each group.

Statisticel cnalysis. The following statistical models
were used in the study: YER comparison, t-test; changes in
YER, paired i-test; proportion of exacerbation-free pa-
tients, Fisher’s exact test's; remission interval distribution,
survival analysis by Kaplan-Meier'?; exacerbation severity
corparison, f-test; change in EDSS, paired #-test; distribu-
tion of cumulative disability over time, chi-square test; and
annual MRI score, paired f-test. Analysis of data included
only patients that completed the 2-year study period. We
also did an analysis by intention to treat that included the
two patients who completed only the first year of the
study.

Results. Baseline clinical and demographic characteris-
tics in the two treatment arms, after randomization, are
presented in table 1. The two groups were statistically
comparable cn all parameters.

Effect of IVIg on primary outcome measures. Efficacy
results for the study’s first year, second year, and the total
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Table 2 Effect of IVIg on YER

Vig Placebo p Value
Pre-entry YER 1.86 = 0.26 1.65 = 0,17 0.34
First year 0.75 % 0.16* 1.8 = 0.2¢ 0.0002
Second year 0.42 + 0.14* 1.42 = 0.23¢ 0.0009
YER: 2-year data 0.59 161 0.0006

* p < 0.05 compared with baseline.
t Not significant.

YER = yearly exacerbation rate.

period (2 years) are presented in table 2. Exacerbation rate
in the first year was 0.75 in the IVIg-treated group versus
1.80 in the placebo group ( p = 0.0002). In the second year,
rates were IVIg, 0.42 versus placebo, 1.42, (p = 0.0009).
Annualized exacerbation rate demonstrated a 38.6% re-
duction in the IVIg-treated group compared with 4.2% in
the placebo group (p = 0.0006). The number of
exacerbation-free patients was 8 in the IVIg group versus
1 in the placebo group during the first year, and 12 in the
IVIg group versus 3 in the placebo group in the second
year. Six patients in the IVIg group were exacerbation free
throughout the 2-year period of the study, whereas none
were exacerbation free for the whole trial period in the
placebo group (table 3). Kaplan-Meier analysis showing
the probability of remaining exacerbation-free throughout
the study is presented in the figure. The log-rank statistic
used to test comparability for each treatment group dem-
onstrated that the median time to first exacerbation was
233 days in the IVIg group compared with 82 days in the
placebo group (p = 0.003). Because higher relapse rates
were observed in the placebo group, these patients re-
ceived more corticosteroid treatments during the study pe-
riod. When intent-to-treat analysis was performed,
inchading the two patients who did not complete the trial,
the YER in the second year was 0.4 in the IVIg group and
1.54 in the placebo group (p < 0.001).

Effect of 1VIg on secondary outcome measures. There
was no significant change in the mean EDSS by treatment
arm, although a trend toward reduced neuroclogic disability
was observed in the IVIg group (baseline EDSS = 290 =
0.43 and study completion EDSS = 2,60 = 2.02), whereas
a minor increase occurred in the placebo group (baseline
EDSS = 2.82 = (.37 and study completion EDSS = 2.97 +
1.47). There was a significant difference in the distribution
of neurclogic disability over time between the two groups.
The proportion within each group whoe improved was
23.5%, remained stable was 62.8%, or worsened was 13.7%
in those receiving IVIg compared with 10.8% (improved),
72.1% (stable), and 17.1% (worsened) in the placebo group
(p = 0.03).

Table 3 Effect of IVIg on exacerbation-free patients

IVIg Placebo p Value

First year 8 1 0.001
Second year 12 3 0.001
Total stady period ] 0 0.001

Median time to first exacerbation (days) 233 82 0.003
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Figure. Kaplan-Meier analysis showing the probability of
remaining exacerbation free during the 2-year study
period.

The mean annual severity of exacerbations in the IVIg
versus placebo groups during the first and second year
were not significantly different (1.62 versus 1.82 in the
firat year and 2.28 versus 2.19 in the second year, respec-
tively). At the end of the first year, mean MRI lesion score
in relation to baseline increased by 11.8% in the IV]g
group and increased by 29.6% in the placebo group. How-
ever, at the end of the second year, 10 patients were un-
available for MRI examination: 3 in the IVIg group and 7
in the placebe group. Unavailability was due to the follow
ing reasons: dropout, 2; pregnancy, 4; and noncompliance, 4.

Analysis of MRI lesion scores at the end of the study
revealed nonsignificant differences. Mean MRI score in-
creased to 3.59 = 0.47 in the IVIg group and to 3.94 + 0.77
in the placebo group (p = 0.7} at the end of the first year of
the study. Upon study completion, mean MRI scores were
3.82 + 0.6 in the IVIg group and 3.2 * 0.76 in the placebo
group (p = 0.51). In 12 patients, brain MRI scores im-
proved after 2 years; 8 of 12 were in the IVIg treatment
group.

No significant changes were found in neuropsychologic
measures used. In the IVIg group, one patient developed
clinically overt depression requiring antidepressant treat-
ment. In the placebo group, 2 patients developed a hypo-
manic episode.

Withdrewals, adverse events, and side effects. Two pa-
tients discontinued treatment after the first year (one in
each group). One patient chose to participate in a different
drug trial and the other withdrew due to patient-perceived
worsening. There were no hematologic or biochemical
blood laboratory test abnormalities associated with IVIg
treatment. Overall, incidence of notable side effects was
low, Of the 630 infusions administered throughout the
trial, there were 12 of 316 (3.8%) events recorded in the
IVIg group and 7 of 314 (2.2%) in the placebo group (p <
0.05). Patients tolerated immunoglobulin infusions well.
Side effects in both groups included fatigue, headaches,
rash, and low-grade fever, all spontaneously resolved
within a few hours.

Blindebility guestionnaire. Upon completion of the
study, all patients were requested to complete a short
questionnaire focusing on subjective assessment of treat-
ment. Each patient marked the treatment she or he be-



Table 4 Evaluation of potient’s blindebility questionnaire

Actual treatment
IVig Placebo
Patient’s belief
Vig 7 13 20
Placeho 12 6 18
19 19

lieved she or he had received during the study. The results
of the guestionnaire are presented in table 4. Positive pre-
dictive value was 35% (7/20), negative predictive value was
33% (6/18), sensitivity was 36.8% (7/19), and specificity
was 31.6% (6/19). Patient ability to perceive correctly the
treatment they received was low, hence validating their
blindability. The degree of physician blinding was not
evaluated.

Discussion. The results of the present study sug-
gest that IVIg is a safe and effective treatment for
RR-MS. Although our results support previous stud-
ies reporting beneficial effect of IVIg in reducing the
relapse rate in RR-MS patients,*> there is a need
for additional studies, using larger numbers of pa-
tients for definite confirmation. Major improvement
in objective primary outcome measures—YER, pro-
portion of exacerbation-free patients, and time until
first exacerbation—were highly significant. The va-
lidity of the results is strengthened by the balanced
randomization, double-blind study design, and the
use of strict and unbiased criteria to define all out-
COMEe MEeAsures.

The natural course of RR-MS is characterized by
YER ranging from 0.85 to 1.15 in the remitting
stage.2?! Although some patients recover after each
relapse, in many recovery tends to be incomplete
after some exacerbations, resulting in varying de-
grees of disability. Many of these patients subse-
quently enter a progressive phase of the disease
associated with increased handicap.® Thus, clinical
trials in MS are mainly aimed at induction and
maintenance of remission and improvement of neu-
rologic disability. The ability of IVIg to alter the
course of the disease was highly significant in the
present study, wherein patients with relatively high
YER were included. The data indicate a reducticn of
68% in YER in the first year compared with baseline
for the IVIg group. This effect was highly associated
with duration of treatment course or a cumulative
effect, as reflected by the reduction of 77.8% in at-
tack rate during the whole study period resulting in
an annualized attack rate reduction of 38.6%. Re-
cently, Fazekas ot al.®® reported the results of IVig
treatment in a 2-year randomized, double-blind,
placebo-controlled study of 148 RR-MS patients.
Similarly to our results, annual relapse rate reduc-
tion by active treatment over placebo was 59%, and
the percentage of relapse-free patients was signifi-
cantly higher in the IVIg-treated patients.

In the natural course of MS, neurologic disability
scored by the EDSS is estimated to deteriorate by 0.3
points annually.? In our study, the mean EDSS
score at 2 years compared with baseline for the IVIg-
treated group showed minor reduction (0.3), whereas
the placebo group showed minor increased disability
(0.15), both not statistically significant. Distribution
of disability over time showed that IVIg treated pa-
tients spent significantly more time in improved or
stable neurologic status in comparison with the pla-
cebo group, suggesting a better quality of life for the
IVIg patients during remission. Hence, detecting
Vg effects on neurologic disability calls for longer
treatment duration and possibly larger groups of pa-
tients, as demonstrated by Fazekas et al.?

In RR-MS patients, up to 20 new lesions may ap-
pear in 1 year.?* Nevertheless, individual brain MRIs
do not correlate well with clinical disability as mea-
sured by peurologic scales.?® In the present study,
the annual disease burden provided a “snapshot in
time,” measuring total lesion area by the objective
quantitative approach analysis. However, recently
accumulated data indicate that monthly scanning of
the brain with T2 and gadolinium-enhanced T1-
weighted MRI is preferred and provides a sensitive
monitoring of the disease activity.”® Thus, in the
present study, the MRI results may not be sufficient
to reliably interpret the disease process as the use of
yearly T2 lesion load, as an outcome measure, is now
known to be insufficient. Additional factors such as
measurements errors, measurements drift, and un-
detectable small legions due to availability of & 0.5-T
magnet all contribute to an insensitive measure-
ment. It is worthy to note that the sample size in our
study was established with a focus on expected ma-
jor YER reduction; thus, MRI measurements not a
priori planned for may have escaped statistical
detection.

Among the postulated immunomodulating actions
of TVIg, several are relevant to MS. IVIg can prevent
the autoimmune reaction by blocking Fe reeceptors,
detected in activated T cells,?"?® and in CNS perivas-
cular macrophages, microglia, and endothelial cells.?
IVIg can also inhibit the effector functions of acti-
vated T cells and the release of cytokines and lym-
phokines.®3! Apart from its immunomodulating
effects, IVIg was reported to enhance CNS remyeli-
nation® after penefration of the blood-brain barrier.
Blood-brain barrier disruption is not a prerequisite
for IVIg effectiveness. With an intact blood-brain
barrier, raising the IgG serum concentration from
the average value of 10 to 30 g/L will increase CSF
concentration from approximately 25 to 65 mg/L.**
This ability of IVIg to penetrate the intact blood-
brain barrier contributes to enhanced remyelination
and enables active involvement of the drug even dur-
ing remissions.

Consequently, the administration of IVlg during
the RR course of MS can arrest the ongoing autoim-
mune inflammatory process through influence at
various independent pathways. After suppression of
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active immune process, the treatmqnt may contt:ib-
ute to reduction of long-term disability by promoting
remyelination.

IVig treatment was associaled with few and mi-

nor side effects and is safe during pregnancy, which
is an important consideration in choosing treatment
modality in a disease affecting mainly young women
during the reproductive years.® IVIg has a signifi-
cant benefit in reducing exacerbations in RR-MS pa-
tients and hence should be considered as a relapse-
preventing therapy.

References

1.

10,

11.

12.

13.

14.

15.

Poser S, Wilkstrom J, Bauer HJ. Clinical data and identifica-
tion of special forms of multiple sclerosis with a standardised
documentation system, J Neurol Sci 1979;40:159-168.

. Patzold, U, Pocklington PR. Course of multiple sclerosis. First

results of a prospective study carried out on 102 MS patients
from 1976-80. Acta Neurol Scand 1982;65:248-266.

. Dijkstra CD, Polman CH, Berkenbosch F. Multiple sclerosis:

some possible therapeutic opportunities. Trends Pharmacol
Sci 1993;14:124-129,

. Carter JL, Hafler DA, Dawson DM, et al. Immunosuppression

with high-dese IV cyclophosphamide and ACTH in progressive
multiple sclerosis: cumulative 6-year experience in 164 pa-
tients. Neurology 1988;38(suppl 2):9-14,

. British and Dutch Multiple Sclerosis Azathioprine Trial

Group. Double masked trial of azathioprine in multiple sclero-
sis. Lancet 1988;2:180-183.

. Cook SD, Devereux C, Tvoiano R, et al. Effect of total lympho-

cyte irradiation in chronic progressive multiple sclerosis. Lan-
cet 1986;1:1405-1409.

., Dommaseh D. Comparative clinical trial of cyclosporine in

multiple sclerosis: the pros. Neurology 1988;38(suppl):28—-29.

. Berkman SA, Lee ML, Gale RP. Clinical uses of intravenous

immuneglobulins. Semin Hematol 1988;25:140-158.

. Edan G, Landgraf F. Experience with intravenons immuno-

globulin in myasthenia gravis: a review. J Neurol Neurosurg
Psychiatry 1994;57(suppl):55-56.

Cook SD, Troiano R, Rohowsky-Kochin C, et al. Intravenous
gammaglobulin in progressive MS, Acta Neuro] 1992;86:171—
175.

van Engelen BG, Hommes OR, Pinckers A, et al. Improved
vision after intravenous immunoglebulin in stable demyeli-
nating optin neuritis, Ann Neurol 1992;32:834-835.
Noseworthy JH, Rodriguez M, An KN, et al. IVIg treatment in
multiple sclerosis: pilot study results and design of placebo-
controlled, double-blind clinical trial. Ann Neurol 1994;4:325,
Achiren A, Pras E, Gilad R, et al. Open controlled therapeutic
trial of high-dose intravenous immuneglobuling in relapsing-
remitting multiple sclerosis. Arch Neurg] 1992;40:1233-1236,
Achiron A, Gilad R, Margalit R, et al. Intravenous gamma-
globulin treatment in multiple seclerosis and experimental au-
toimmune diseases: delineation of usage and mode of action.
J Neurol Neurosurg Psychiatry 1994;57(suppl):57-61.

Poser CM, Paty DW, Scheinberg L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research proto-
cols. Ann Neurol 1983;13:227-231.

402 NEUROLOGY 50 February 1988

16.

17.

18.

19.

20.

21,

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34,

Kurtzke JF, Rating neurologic impairment in multiple selero-
sis: en expanded disability status scale (EDBS). Neurclogy
1983;33:1444-1452.

Achiron A, Barak Y, Goren M, et al. Intravenous immunoglob-
ulin in multiple sclerosis: clinical and neuroradiclogic results
and implications for possible mechanisms of action, Clin Exp
Immunol 1996;104(suppl 1):67-70.

Fisher RA. Statistical methods for research workers, 5th ed.
Edinburgh; Oliver and Boyd, 1934.

Kaplan E, Meier P. Nonparametric estimation from incom-
plete observations, J Am Stat Assoc 1958;53:457—-481.
Confavreux C, Aimard G, Devie M. Course and prognosis of
multiple sclerosis assessed by the computerised data process-
ing of 349 patients. Brain 1980;103:281-300.

Hermitite F, Morteau R, Gazengel J, Dordain J, Deloche G.
The frequency of relapse in muliiple scleresis: a study based
on 245 cases. d Neurol 1975;205:47-59.

van Qosten BW, Truven L, Barkhof F, Polman CH. Multiple
sclerosis therapy. Drugs 1995;49:200-212.

Fazekas F, Deisenhammer F, Strasser-Fuchs S, Nahler G,
Mamoli B. RBandomised placebo-controlled trial of monthly in-
travenous immunoglobulin therapy in relapsing-remitting
multiple sclerosis. Lancet 1997,349:589-593.

Thompson Ad, Miller D, Youl F, et al. Berial gadolinium en-
hanced MRI in relapsing-remitting multiple sclerosis of vary-
ing disease duration. Neurology 1992;42:60-63.

Glass A, Barker GJ, Kidd D, et al. Correlation of magnetiza-
tion transfer ratio with clinical disability in multiple sclerosis.
Ann Neurgl 1994;36:62-67.

Paty DW, Li DED, Oger JJF, et al. Magnetic resonance imag-
ing in the evaluation of clinical trials in multiple selerosis.
Ann Neurol 1994;36:895-896.

Sandor M, Houlden BW, Bluestone JA, et al. In vitro and in
vivo activation of murine ©/T cells induce the expression of
IgA, TgM, and 1gC Fe receptors. J Tmmunol 1992;148:2363—
2369,

Nyland H, Nilsen R. Localization of Feg receptors in the hu-
man central nervous system. Acta Pathol Microbiol Immunol
Scand 1982;90:217-221,

Ulvetad E, Williams K, Vedeler C, et al. Reactive microglia in
multiple sclerosis lesions have an increased expression of re-
ceptors for the Fe part of [2G. J Neurel Sci 1994;121:125-131.
Abe Y, Horiuchi A, Miyake M, Kimura S. Anti-cytokine nature
of natural human immunoglobulin: one possible mechanism of
the clinical effect of intravenous immunoglobulin therapy. Im-
munol Rev 1994;139:5-19,

Andersson U, Bjork L, Skansen-Saphir U, Andersson J.
Pooled human IgG modulates cytokine production in lympho-
cytes and monocytes. Immuno! Rev 1994;139:21-42,
Rodriguez M. Lennon VA. Immunoglobulins promote remyeli-
nation in the central nervous system. Ann Neurol 1990;27:12~
17.

Wurster U, Haas J. Passage of intravenous immunogltobulin
and interaction with the CNS, J Neurol Neurosurg Psychiatry
1934;5T(suppl):21-35,

Achiron A, Rotstein Z, Noy S, et al. Intravenous immunogloh-
ulin treatment in the prevention of childbirth-associated acute
exacerbations in multiple sclerosis—a pilot study. J Neurol
1096;243:25-28.

J



