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myasthenic syndrome and inflammatory
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Introduction

The pathogenesis of the neuromuscular junction disor-
ders myasthenia gravis (MG) [26, 42] and Lambert
Eaton myasthenic syndrome (LEMS) [28, 33], as well as

of the inflammatory myopathies (IM), dermatomyositis
(DM), polymyositis (PM) and inclusion body myositis
(IBM) [13] is considered to be autoimmune, either anti-
body or T cell mediated.

Different immunotherapies have been proven useful
in the treatment of these neuromuscular diseases.JO
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■ Abstract Intravenous im-
munoglobulin (IVIg) is an effective
tool for the treatment of diseases
with immune pathogenesis. This
article reviews the current knowl-
edge of the benefits of treating
with IVIg patients with myasthenia
gravis (MG), Lambert Eaton myas-
thenic syndrome (LEMS), dermato-
myositis (DM), polymyositis (PM)
and inclusion body myositis (IBM).

Myasthenia gravis Treatment of
MG with IVIg was reported to be
beneficial in a number of case se-
ries and two randomised con-
trolled trials, in which efficacy was
measured by clinical improvement
using myasthenic muscle score and
decrease in anti-acetylcholine re-
ceptor antibodies (AchRAb). Ac-
cording to the results, IVIg could
be recommended for crisis and se-
vere exacerbation. In many other
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clinical conditions, such as re-
sponse to treatment of mild or
moderate exacerbation, changes in
steroid dosage and before thymec-
tomy, IVIg has also been reported
to be helpful, but no controlled tri-
als to confirm its efficacy have been
performed.

Lambert-Eaton myasthenic syn-
drome A placebo-controlled
crossover study reported a signifi-
cant clinical improvement in the
amplitude of the resting CMAP fol-
lowing IVIg treatment. Further ex-
perience from case reports also in-
dicates that IVIg is useful in
patients with LEMS, both as a
short- and long-term treatment, es-
pecially when immunosuppressive
drugs are not fully effective.

Inflammatory myopathies/Der-
matomyositis: In a double-blind
placebo-controlled crossover trial
in patients with DM resistant to
other treatments, IVIg was shown
to produce a significant increase of
muscle strength as well as a
marked improvement in im-
munopathological parameters in
repeated muscle biopsies (before
and after IVIg). Thus, IVIg is an

important therapy in patients with
DM resistant to other conventional
therapies.

Polymyositis: No randomised
trials have been undertaken. One
study showed clinical improvement
and a reduction in the need of
prednisone in patients with
chronic refractory PM.

Inclusion body myositis: Three
controlled trials showed some
muscle strength improvement, al-
though the changes did not reach
statistical significance. However
improvement in swallowing was re-
peatedly observed, suggesting that
some patients with severe dyspha-
gia may derive a modest benefit
from IVIg therapy.

Conclusion Controlled trials in-
dicate that in MG, LEMS, and DM,
IVIg at a total dose of 2 g/kg is a
highly useful therapy. Uncontrolled
trials and case reports indicate
benefit in many different clinical
situations, but further clinical in-
vestigation is required.
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Among the new therapies, intravenous immunoglobulin
(IVIg) has been reported as effective in very different
clinical situations, from myasthenia crisis to patients
non-responsive as other immunosuppressive treat-
ments. This article summarises the current knowledge
in the use of IVIg in MG, LEMS and IM based on the dif-
ferent controlled or uncontrolled clinical trials. Further-
more, this review covers a number of published case se-
ries that have very few patients as the diseases are not
prevalent.

Myasthenia gravis

MG is an autoimmune disease characterised by weak-
ness and fatigability of the voluntary muscles [19]. The
disease is clinically and immunologically heteroge-
neous. In 80–90 % of patients, IgG autoantibodies to
nicotinic acetylcholine receptor (anti-AchRAb) are de-
tectable in peripheral blood. These anti-AchRAb cause
loss of functional receptors by different known mecha-
nisms (complement-mediated lysis, cross-linking and
block of the Ach receptor). Recently, antibodies to a sec-
ond neuromuscular junction antigen, MuSK, have been
identified in a group of previously “seronegative” MG
patients [25, 41]. The action of the anti-MuSK antibod-
ies is not fully understood, although it is thought that
they reduce clustering of Ach receptors at the neuro-
muscular junction. Treatment of MG includes thymec-
tomy, steroids, immunosuppressive agents and plasma
exchange [20, 24, 31, 34].

In 1997, Gadjos et al. published the first randomised
controlled trial of IVIg in patients with MG [22]. The
study included 87 patients with clinical exacerbation of
the MG and the authors compared the results of three
courses of plasma exchange (PE) with the results ob-
tained with IVIg given for 3 or 5 days at a total dose of
0.4 g/kg/day. The study demonstrated that both treat-
ments were efficacious in a similar way, as measured by
changes in MG muscle score or the antibody titre de-
crease. The rate of complications was lower in the IVIg
group. In 1999, a retrospective multicentre chart review
[36] compared PE and IVIg in the treatment of MG cri-
sis. The authors reviewed 54 episodes and their conclu-
sion was that PE (5–6 exchanges) was associated with a
superior ventilatory status at 2 weeks and 1 month func-
tional outcome than IVIg (0.4 g/kg/day/5 days). How-
ever, the complication rate was higher with PE compared
with IVIg.Another controlled study compared IVIg ver-
sus PE in patients with chronic moderate to severe MG
in a stable phase [38]. The study included 12 patients
who were evaluated clinically using a quantified MG
clinical score. The conclusion of the study was that both
treatments had a clinical effect after 4 weeks, but the im-
provement was more rapid in this group of chronic MG
patients after plasma exchange than after IVIg. Other

publications of randomised, case series or open studies
[3, 8, 21, 44] also indicate the usefulness of IVIg in dif-
ferent clinical situations, although none of these studies
reached statistical significance. In 2001, it was reported
[35] that there was a comparable efficacy between IVIg
and plasmapheresis in the peri-operative period of MG.
The study compared a prospective group of 33 patients
treated with IVIg (2 g/kg) with a historical group of 38
patients treated with PE. As a final point, the efficacy of
IVIg as a maintenance therapy has also been claimed [1]
in 10 patients with severe generalised myasthenia and
an acute deterioration, non-responsive to other im-
munosuppressive drugs.

In summary, according to published evidence, IVIg is
recommended for patients with clinical exacerbation or
crisis that is poorly controlled with other drugs. There is
no sufficient placebo-controlled evidence for this rec-
ommendation in all the other different clinical situa-
tions [23], such as covering the initiation of cortico-
steroids treatment, sparing effect on steroid dosage or
before thymectomy, amongst others. However, IVIg may
be helpful on an individual basis, based on the findings
of various uncontrolled studies and through my own
personal experience.

In patients with seronegative MG and antibodies to
MuSK, there are descriptions about the response to im-
munosuppressive agents [20, 37], but no specific studies
about the response to IVIg in this particular group of
MG patients. In fact, a negative antibody titre to AchR
was an exclusion criteria in the published trials (re-
viewed above).

Lambert Eaton myasthenic syndrome

LEMS is an autoimmune disease mediated by antibodies
to the presynaptic voltage-gated calcium channels at
motor nerve terminals (VGCC). The antibodies are re-
sponsible for the physiological abnormality in LEMS, in
which there is a decrease of the voltage-dependent influx
of Ca++, with a consequent reduction in quantal release
that results in muscle weakness. In approximately 60 %
of patients, the disease is paraneoplastic, most com-
monly small-cell carcinoma of the lung. The most com-
mon symptoms of patients with LEMS are proximal
weakness, predominantly in the lower limbs, depressed
tendon reflexes,autonomic dysfunction and extraocular
muscle involvement [27]. Therapy for LEMS includes
3–4 diaminopyridine and immunosuppressive agents,
such as prednisolone, azathioprine or cyclosporine [30,
39].

In 1992, the first report of clinical improvement after
IVIg was published [5]. It was a single case. In 1996, Bain
et al. [4] published a randomised double-blind placebo
controlled crossover trial in 9 patients. Patients received
either 1 g/kg/day of IVIg for 2 days, or albumin. There
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was a significant improvement in the limb strength (my-
ometric strength measures) with a peak at 2–4 weeks
and a decline after 6 weeks. The clinical improvement
was associated with a decline in serum VGCC antibod-
ies. There are also other reports that have been pub-
lished [32, 40] showing short- or long-term benefit from
IVIg in LEMS patients.

The results of the single placebo-controlled study,
plus a number of single cases published, demonstrate
that IVIg is useful in the treatment of LEMS patients, es-
pecially as adjuvant therapy in patients with resistant
muscle weakness to other therapies.

Inflammatory myopathies

The three main types of inflammatory myopathies,
polymyositis (PM), dermatomyositis (DM) and inclu-
sion body myositis (IBM) are the largest group of the
immune-mediated myopathies [9, 14]. They are charac-
terised by proximal weakness and inflammation in the
muscle biopsy. For an accurate diagnosis of this hetero-
geneous group of diseases, the muscle biopsy is essen-
tial, showing in PM and IBM endomysial infiltrates of
CD8+ T cells invading non-necrotic MHC-class I muscle
fibres and in DM, perifascicular atrophy and a comple-
ment-mediated depletion of endomysial capillaries.
These immunopathological findings lead to the hypoth-
esis that different mechanisms are involved in these in-
flammatory myopathies. Whereas PM and IBM are due
to an MHC-I restricted cytotoxic T cell response to non-
identified muscle fibre antigens, DM is considered a hu-
morally mediated microangiopathy. Based on the evi-
dence that these diseases have an autoimmune origin,
patients are treated with immunosuppressive agents or
immunomodulation [12]. An antigen-specific im-
munotherapy would not be available until the antigenic
targets for DM, PM and IBM are known. IVIg controlled
trials have been done in DM and IBM, but not in PM
[10].

Dermatomyositis

The clinical feature that characterises this entity is the
presence of skin lesions that start with, or even precede,
muscle weakness. In addition to a proximal and sym-
metric muscle weakness, patients develop a heliotrope-
like colour rash in the upper eyelids, or a purple and ery-
thematous discoloration on the face, upper trunk,
knuckles and joints. The predominant immune re-
sponse in DM appears to be humoral, directed against
non-identified antigens in the muscle microvasculature,
probably components of the vascular endothelium, as
shown by light, electron microscopy and immunohisto-
logical studies. Immunocomplexes and deposits of C5b-

9, the membranolytic attack complex (MAC) of the
complement pathway, are detected on the endomysial
capillaries early in the disease and before inflammatory
changes in the muscle fibres take place. This stage is fol-
lowed by necrosis of the capillaries, microvascular de-
pletion, and impaired muscle perfusion. The noted per-
ifascicular atrophy in DM is a reflection of the
hypoperfusion [13].

IVIg therapy in patients with DM was demonstrated
to produce a clinical and histopathological improve-
ment in a double-blind placebo-controlled crossover
trial [15]. The study was performed in 15 patients with
DM resistant to other treatments. Patients received IVIg
(2 g/kg) once a month for 3 months, or placebo. Clinical
response was monitored by assessing the muscle
strength and changes in the rash. Nine of twelve patients
treated with IVIg had significant improvement, com-
pared with none of the eleven patients in the placebo
group. Changes in immune-mediated muscle abnormal-
ities were determined by repeated muscle biopsies. The
immunohistological parameters that normalised in the
muscle biopsy of five patients whose strength improved
were the following: a statistically significant increase in
muscle-fibre diameter, an increase in the number and a
decrease in the diameter of capillaries, and a resolution
of complement deposits on capillaries, as well as a re-
duction in the expression of intercellular adhesion mol-
ecule 1 and major-histocompatibility-complex class I
antigens [13]. IVIg is therefore an established therapy in
patients with DM resistant to immunotherapies.

Other studies further confirm the efficacy of IVIg in
DM, although they are not randomised. For instance, a
retrospective study in a group of eighteen patients with
juvenile DM showed that most steroid-dependent or -re-
sistant patients were able to reduce the dose of corticos-
teroids with the addition of IVIg [2].Another open study
suggested that combined treatment of immunosuppres-
sive drugs and IVIg is useful in patients with dermato-
myositis and polymyositis [18].

Polymyositis

PM is possibly the most infrequent of the inflammatory
myopathies. It is best defined as a myopathy occurring
in patients who do not have any of the following: cuta-
neous involvement, family history of neuromuscular
disease, signs of endocrinopathy, inclusion body myosi-
tis or history of exposure to myotoxic drugs and toxins.
In PM, the muscle injury appears to be T-cell mediated
and directed against unknown antigens expressed on
the sarcolemma of the muscle fibres. This conclusion is
supported by the immunohistochemical findings of
CD8+ T cells and macrophages surrounding and invad-
ing MHC-I class-expressing non-necrotic muscle fibres.
No microangiopathy is detected in PM.
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There are no randomised trials in PM.However, there
are a number of publications that show efficacy in PM
patients treated with IVIg [6, 29]. The largest study is an
open prospective study that included 35 patients with
chronic refractory PM. Patients were treated with 1
g/kg/2 days for 4–6 months and the study controlled
clinical improvement, changes in a disability scale and
improvement in oesophageal disorders. The study con-
cluded that 25 out of 35 patients improved. The finding
that the dose of prednisone could be reduced by more
than 50 % in all patients favours the use of IVIg in this
small group of PM patients resistant to other therapies
[7].

Inclusion body myositis

IBM is the most common cause of acquired myopathy in
patients over 50 years. The aetiology is not known, but
several mechanisms have been proposed. Autoim-
munity may play a role in the disease, since CD8+ T cells
are found in the muscle biopsies, together with an in-
creased expression of MHC class I. These cells must
recognise muscle antigens that are unknown to date
[13]. Histologically, IBM is differentiated from other
inflammatory myopathies in many parameters, one of
the more common characteristics being the presence of
rimmed vacuoles in the muscle fibres. However, IBM
does not respond to treatment with immunosuppressive
drugs [16].

Three different placebo-controlled crossover trials
were performed in patients with IBM. One of them [17]

included nineteen patients who received IVIg (2 g/kg)
once a month for 3 months, or placebo. Muscle strength
scores showed some improvement and, although they
did not reach statistical significance, there does appear
to be greater improvement in the use of the swallowing
muscles. A second study with 22 patients showed simi-
lar results [43]. Finally, another study designed to deter-
mine if a combination of IVIg and prednisone had a syn-
ergistic effect was published [16]. Thirty-six patients
were included and the conclusion of the study was that
IVIg combined with prednisone, for a 3-month period
was not effective in IBM. In spite of the negative trials, it
has been suggested [11], based on clinical impression,
that some IBM patients may have a clinical improve-
ment in activities of daily living and should justify a 2–3
month trial with IVIg.

Conclusions

IVIg is a useful tool in the treatment of neuromuscular
junction and muscle disorders for which there is evi-
dence of an autoimmune pathogenesis. Based on con-
trolled clinical trials, IVIg is useful in the management
of severe MG and in the treatment of patients with LEMS
and DM resistant to other therapies. Furthermore, IVIg
may produce a modest benefit in dysphagia in patients
with IBM. New studies are needed to fully demonstrate
if the benefit reported in different clinical conditions in
uncontrolled studies is not anecdotal, but clinically rel-
evant.
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