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INVITED REVIEW ABSTRACT: Juvenile myasthenia gravis shares a similar pathophysiologic
origin with adult myasthenia gravis, but there are important differences,
mostly relating to epidemiology, presentation, and therapeutic decision mak-
ing. Gender ratios and the proportion of seropositive patients differ in the
pre- and postpubertal age groups. The diagnostic evaluation is similar to that
in adults, although special techniques are sometimes necessary to perform
single-fiber electromyography in younger patients. Therapeutic decisions in
affected children and adolescents are complicated by the greater long-term
consequences of using steroids, and thus other interventions, such as
intravenous immunoglobulin (IVIg) and plasmapheresis, may play a greater
therapeutic role in this population than in adults. Steroid-sparing agents may
contribute to the management of refractory cases, but they should be used
with caution due to the risk of malignancy.

Muscle Nerve 39: 423–431, 2009
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Myasthenia gravis (MG) encompasses autoimmune
diseases of the postsynaptic motor endplate, result-
ing from antibody-mediated damage to the structure
or function of acetylcholine receptors at the neuro-
muscular junction. This pathology classically pre-
sents with skeletal muscle weakness and fatigue with
neonatal-, juvenile-, and adult-onset variants.

Both the juvenile and adult forms of acquired
autoimmune MG share aspects of pathophysiology
and symptomatology, including the development of
autoimmune sensitization without a known defini-
tive cause. However, it is important to note the dif-
ferences in epidemiology and prognosis in juvenile
MG (JMG). These factors, in addition to consider-
ation of the normal development of the child or
adolescent, therefore nuance the treatment and
therapeutic decision making of patients with juvenile
MG, as opposed to their adult counterparts. Even
within the population of juvenile MG patients, it
appears that both the presentation and the natural

history of the disease are influenced by such factors
as race and pubertal development.

CLINICAL PRESENTATION, NATURAL HISTORY, AND
DEMOGRAPHICS

Most commonly, JMG presents with involvement of
the oculomotor muscles, with or without generalized
involvement. The incidence of juvenile patients who
present with purely ocular symptoms (Osserman
grade Ia) has been reported to range widely from
27% to 93% in retrospective analyses (Table
1).4,5,13,17,22,28,29,36,41,43 The variability in presenta-
tion appears to be somewhat dependent upon eth-
nicity. Several studies of Asian children have re-
ported a substantially higher incidence of ocular
presentation. This suggests a slightly different dis-
ease mechanism or host response in this population,
although many of these studies had small cohort
sizes. Time to correct diagnosis may also influence
“symptoms at presentation” in some studies, as the
child who is not diagnosed for several months or
years may have already progressed to a generalized
state.

JMG has been reported to begin as young as the
first year or two of life. There does not appear to be
a strong tendency to cluster by age in children.
Pubertal status, however, appears to affect the clini-
cal presentation. In two studies in which both pre-
senting symptoms and age were noted, a greater
proportion of prepubertal patients presented with

Abbreviations: ACh, acetylcholine; AChE, acetylcholinesterase; AChR, ace-
tylcholine receptor; BGT, 125I-bungarotoxin; CMV, cytomegalovirus; EMG,
electromyography; HLA, human leukocyte antigen; IgG, immunoglobulin G;
JMG, juvenile myasthenia gravis; MHC, major histocompatibility complex;
MuSKs, muscle-specific kinases; MyM, mycophenolate mofetil; NIF, negative
inspiratory force; NMBA, neuromuscular blocking agents; NMJ, neuromus-
cular junction; TPMT, thiopurine methyltransferase
Key words: juvenile myasthenia gravis; neuromuscular junction; pediatric
autoimmune disease; myasthenia; acetylcholine
Correspondence to: P.B. Kang; e-mail: peter.kang@childrens.harvard.edu

© 2009 Wiley Periodicals, Inc.
Published online 12 February 2009 in Wiley InterScience (www.interscience.
wiley.com). DOI 10.1002/mus.21195
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exclusively ocular symptoms, whereas postpubertal
patients were more likely to present with generalized
symptoms. Both studies included �50 patients and
reported ocular-only presentation rates of between
26% and 31% for prepubescent patients, but rates of
9–16% for pubescent and postpubescent pa-
tients.5,13 A range of 29–75% of JMG patients have
been reported to have generalized disease, either at
presentation or later. These figures are below the
85% estimated frequency in adults.4 The lower per-
centages tend to be reported in more recent stud-
ies.4,36

Most studies of JMG suggest that there is little to
no gender discrepancy in prepubertal pa-
tients4,14,28,43; however, this equality is often hidden
in demographic JMG studies when included patients
are pre-, peri-, and postpubertal. An analysis of 13
studies that cited the gender distribution of JMG
patients revealed a female predominance of between
50% and 86%.3–5,13,22,28,29,36,37,41,43,44 However, pre-
pubertal-age patients (�12 years of age) ranged
from 53% to 73% female, whereas postpubertal-age
patients ranged from 77% to 85% female.3,5,13,28,37

One recent study indicated that patients diagnosed
before 10 years of age were equally distributed be-
tween male and female, but after age 10 females
were five times as likely (P � 0.01) to be diagnosed
in a ratio similar to that for adults.18

Children tend to exhibit higher rates of sponta-
neous remission than adults. Several studies of chil-
dren of various ethnicities have demonstrated spon-
taneous remission rates ranging from 15% to 34.7%
following a variety of nonsurgical treatments.4,13,37,43

This includes both spontaneous remission without

any treatment and remission following a period of
pharmacotherapy. As discussed in what follows,
some data seem to suggest that surgical intervention
in the time frame close to presentation may achieve
even higher rates of remission in children, unlike
their adult counterparts. One study suggested that
patients of African descent, however, have lower
rates of remission. It also showed a significant differ-
ence in outcome based on age of onset, with 44% of
those with prepubertal onset achieving a spontane-
ous remission.3

Children with JMG who had thymectomy have
been reported to have an incidence of thymic abnor-
malities ranging from 33% to 81%, mostly consisting
of hyperplastic thymus.13,37,43 Thymomas are seen
mostly in adults, particularly elderly males, but they
are far less common in children and adolescents. We
have seen one adolescent male in our clinic with
JMG caused by a thymoma. In non-Asian studies and
studies that examined all ages of JMG patients, thy-
mic hyperplasia ranged between 73% and 89% in
studies with �10 children who underwent thymec-
tomy (Table 2). The one study that examined thymic
histology stratified by age displayed a much lower
percentage (33%) of thymic hyperplasia in children
�9.2 years of age versus those between 9.3 and 20
years of age (84%), although it should be noted that
the younger cohort was much smaller (n � 3).13

Human leukocyte antigen (HLA) DRw9 is often
present in affected Asian children.43 DQ8 and DR3
are more frequently found in affected Caucasian
children, and DR5 has been found to be elevated in
patients of African descent.10 Although such allelic
differences may simply reflect patterns of inheri-

Table 1. Symptoms at presentation and progression.

Investigators Year Subset n
Onset range

(years)

At presentation Ocular
onlyI IIA IIB III/IV

Lindner et al. 1997 79 7 36 25 11 9%
Rodriguez et al. 1983 149 1–16 14 24 108 3 9%
Evoli et al. 1998 133 1.5–20 23 47 38 25 17%

Evoli (young cohort) 19 1.5–9.2 5 4 2 8 26%
Evoli (older cohort) 114 �9.3 (M),

�8.9 (F)
18 43 36 17 16%

Batocchi et al. 1990 59 1–17 11 20 28 19%
Batocchi (pre) 26 �12 8 8 10 31%
Batocchi (post) 33 13–17 3 12 18 9%

Morita et al. 2001 18 1–12 4 5 9 22%
Ashraf et al. 2006 77 0.5–25 23 40 12 2 30%
Snead et al. 1980 32 20 12 63%
Mullaney et al. 2000 25 0.9–16 14 11 56%
Wong et al. 1992 101 1–15 72 17 12 71%
Raksadawan et al. 2002 27 0.25–10 25 2 93%
Compilation 700 0.25–25 213 487 44%
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tance, these genetic and molecular differences ap-
pear to have phenotypic ramifications. A 1994 study
by Andrews et al., found a 44% spontaneous remis-
sion rate in prepubescent Caucasians with JMG.3

Interestingly, however, individuals of African ances-
try displayed a much lower remission rate.3

Clinical observations have found a higher preva-
lence of other autoimmune disorders in MG patients
and their relatives. One study of 149 cases of JMG
indicated that 9.4% of children suffered from other
autoimmune disorders, including rheumatoid ar-
thritis, diabetes, thyroid disorders, and asthma.37 In-
terestingly, however, another study of 77 juvenile
myasthenic patients found that none were diagnosed
with simultaneously occurring autoimmune disor-
ders.1 We have seen one boy with JMG and myositis
as manifestations of graft-versus-host disease, as well
as a girl with JMG and autoimmune thyroid disease
(Graves disease). JMG may also occur in the pres-
ence of other diseases; epilepsy has been seen in
numerous studies.4,13,22,37,41

Diagnosis. The evaluation of JMG is generally the
same as it is in adult autoimmune MG. Ptosis, oph-
thalmoplegia, nasal speech, and muscle fatigability
are hallmarks of autoimmune MG at any age. Diag-
nostic tests support the diagnosis. Four assessments
are widely used.

Serum Antibodies. Acetylcholine receptor (AChR)
binding, blocking, and modulating antibodies are typ-
ically, although not always, positive in patients with
JMG, as in adults with MG. Immunoprecipitation
may be carried out using human AChR tagged with
radioactive 125I-bungarotoxin (BGT) added to a pa-
tient’s serum sample. Horseradish peroxidase–
tagged BGT assays have also been studied.14 Studies

indicate a sensitivity of 80.7% and a specificity of
100% with such tests.19 Seropositive MG patients
who are in remission continue to display elevated
anti-AChR, even after thymectomy. Not all MG pa-
tients test positive for anti-AChR antibodies. Among
adults with MG, approximately 80% of generalized
adult MG patients and approximately 50% with oc-
ular MG have serum-containing AChR IgG. In pre-
pubertal children, these figures are lower (Table 3).
Although postpubertal adolescents exhibit rates sim-
ilar to those of adults, only about 68% of peripuber-
tal patients and 50% of JMG cases in prepubertal
children were seropositive for anti-AChR antibodies
in one study.3 There are conflicting data regarding
seropositivity in ocular JMG. One study suggested a
lower rate,22 and another study documented a
higher one.13

In the MG population at large, approximately
40% of seronegative MG patients exhibit anti-mus-
cle-specific kinase (MuSK) IgGs. These patients have
destruction of the neuromuscular junction (NMJ) in
a fashion similar to that of those patients with anti-
AChR, but it is caused by a different antigen. There
are few data on the prevalence of anti-MuSK anti-
bodies in JMG, but we have encountered two such
cases, and this finding has been reported else-
where.31

Repetitive Nerve Stimulation. In children, as in
adults, repetitive nerve stimulation is a useful means
of diagnosing MG. The overall technique is similar,
including choice of nerves to be stimulated and the
protocol for the repetitive stimulation. A child with
myasthenia will demonstrate a compound motor ac-
tion potential amplitude decrement of �10% by the
fourth or fifth stimulation (Fig. 1). Older children

Table 2. Thymic pathology.

Investigators Thymectomy
Thymic

hyperplasia Thymoma
Thymic hyperplasia of those

undergoing thymectomy*

Ashraf et al. 11 8 1 73%†
Evoli et al. 105 84 4 80%
Evoli et al. (younger) 9 3 0 33%
Evoli et al. (older) 96 81 4 84%
Rodriguez 85 66 2 77%
Wong et al. 12 6 4 50%
Morita et al. 4 4 0 100%
Batocchi et al. 43 38 1 88%‡
Snead et al. 7 3 0 43%
Mullaney et al. 14 9 0 64%
Compilation 281 218 12 78%

*Not all patients showed thymic pathology.
†Patient with thymoma was 15 years old.
‡Only 38 patients were generalized patients.
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and adolescents are generally cooperative with this
testing, but infants and younger children will in
many cases require sedation or general anesthesia.
Post-exercise recordings increase the sensitivity of
this test, but one recent study suggested that the
increased yield is relatively small.38 This is reassur-
ing, as it is often difficult to obtain postexercise
recordings in children.

Edrophonium Testing. Edrophonium, a rapid-
acting, short-duration cholinesterase inhibitor, is ad-
ministered intravenously as a diagnostic test. A pos-
itive result consists of transient resolution of the
clinical sign under observation. For the test to be

performed, the patient must display a clinical sign
that can be easily monitored, such as significant
ptosis, opthalmoplegia, or dysarthria. Extremity
strength can be difficult to track objectively. Coop-
eration is critical, as we have encountered the limi-
tations of performing this test on a crying child. False

Table 3. Anti-AChR status.

Investigators Year Subset n tested Anti-AChR� Anti-AChR� (%)

Ashraf et al. 2006 14 11 79%
Evoli et al. 1998 133 124 93%

Evoli (young cohort) 19 14 74%
Evoli (older cohort) 114 110 96%

Andrews et al. 1994 95 75 79%
Andrews (prepubertal) 14 7 50%
Andrews (peripubertal) 25 17 68%
Andrews (postpubertal) 56 51 91%

Zhang et al. 2007 197 127 64%
Morita et al. 2001 11 9 82%*
Lindner et al. 1997 42 34 81%
Batocchi et al. 1990 40 35 88%

Batocchi (pre) 26 8 31%
Batocchi (post) 33 3 9%

Snead et al.† 1980 17 9 53%
Compilation 532 415 78%

*Initial testing revealed 63%.
†Ocular only: n � 5; anti-AChR�, n � 2 (40% anti-AChR�); generalized: n � 12; anti-AChR�, n � 7 (total 58% anti-AChR�).

Table 4. Cited studies with primary data.

Investigators Year Type
Study

location n

Morita et al. 2001 Observational Brazil 18
Mullaney et al. 2000 Retrospective Canada 25
Raksadawan

et al. 2002 Retrospective Thailand 27
Snead et al. 1980 Retrospective USA 32
Millichap and

Dodge 1960 Retrospective USA 35
Batocchi et al. 1990 Retrospective Italy 59
Ashraf et al. 2006 Retrospective India 77
Lindner et al. 1997 Retrospective Germany 79
Wong et al. 1992 Retrospective China 101
Andrews et al. 1994 Retrospective USA 115
Evoli et al. 1998 Retrospective Italy 133
Rodriguez et

al. 1983 Retrospective USA 149
Zhang et al. 2007 Observational China 197

FIGURE 1. Two trains of 3-HZ repetitive stimulation of the right
facial nerve at rest demonstrate a severe decrement of the com-
pound motor action potential of about 27–28% by the fourth
stimulation, with partial recovery thereafter. The patient was a
15-year-old adolescent boy with shoulder weakness, fatigability,
dysphagia, diplopia, and nasal speech. He had positive AChR
antibody titers and was later found to have a thymoma. Vertical
division, 1 millivolt; horizontal division, 3 seconds.
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positive results may occur in patients with amyotro-
phic lateral sclerosis, peripheral neuropathy, and
Lambert–Eaton syndrome, among others.12 As of
February 2008, production of edrophonium in the
USA was halted by its sole manufacturer (Baxter);
however, Bioniche Pharma has acquired this prod-
uct line, and production is expected to resume in
December 2008.

Due to the cholinergic effects of anticholinester-
ases, edrophonium testing in children must be con-
ducted in a monitored setting with atropine and a
staff skilled in cardiac resuscitation available to coun-
teract side effects such as bradycardia, nausea, diar-
rhea, and excess salivation, should they occur.

For children �1 year of age, who weigh �34 kg,
a typical edrophonium test may begin with a 0.5-mg
test dose, followed by 1-mg doses, repeated every
minute to a maximum total dose of 5 mg. Children
�1 year of age, who weigh more than 34 kg, may
undergo adult edrophonium doses. A typical edro-
phonium test in this age group may begin with a
0.5-mg test dose, followed by 1–2-mg doses, repeated
every minute to a maximum total dose of 10 mg. The
heart rate should be carefully monitored throughout
the test period. Saline placebo is sometimes given
before or between administrations of edrophonium,
especially in older children.

Single-Fiber Electromyography. Traditional single-
fiber electromyography (EMG) is not practical in
most children, as it requires a significant degree of
cooperation and concentration, and it is not possible
to perform this study under sedation or anesthesia.
Single-fiber EMG is especially useful in the diagnosis
of seronegative MG and congenital myasthenic syn-
drome.32 However, a variation of this test, stimulated
single-fiber EMG, involves stimulation of the muscle
via a monopolar needle. Voluntary contraction by
the patient is unnecessary, and thus it is a much
more useful diagnostic modality in children. Stimu-
lated single-fiber EMG can usually be performed
without sedation or anesthesia.34

Ultimately, MG remains a clinical diagnosis, but
positive results on one or more of these tests will
support the clinical impression. Depending on the
age and presentation, other forms of myasthenia,
including neonatal myasthenia gravis and congenital
myasthenic syndrome, may need to be considered.

Treatment. Treatment of MG may be divided into
four broad categories: acetylcholinesterase inhibi-
tors; medical immunomodulation; surgical immuno-
modulation; and supportive respiratory therapy dur-
ing myasthenic crisis. Selection of a therapeutic
regimen depends on clinical presentation, severity,

acuity, and side effects. Regimens often need to be
adjusted depending on the response.

Acetylcholinesterase Inhibitors. Anticholinesterase
inhibitors (anti-AChEs), especially pyridostigmine,
are the first line of therapy in JMG, as they are in
adult MG. Edrophonium is used only for diagnostic
purposes and was discussed earlier. Neostigmine is
used for both therapy and diagnosis, primarily in
infants. It has a shorter effective half-life, in part due
to poorer gastrointestinal uptake, but it may be used
occasionally with intramuscular injection. Overdos-
age leading to cholinergic crisis is a concern in
children as well as in adults, and families should be
cautioned about muscarinic symptoms, including
nausea, sweating, pupillary constriction, diarrhea,
salivation, and, in more extreme cases, bradycardia.
If hypotension or bradycardia occur, patients may be
given atropine.

Initial pyridostigmine therapy is typically 0.5–1
mg/kg every 4–6 hours. For older children and
adults, the typical starting dose is 30 or 60 mg every
4–6 hours. The maximum starting dose is 60 mg.
The maximum total dose is 7 mg/kg/day, with an
absolute maximum of 300 mg/day for older children
and adults. The liquid form is generally dispensed at
60 mg per 5 ml, and has worked well in our experi-
ence.

Medical Immunomodulators. For patients who re-
main symptomatic with anti-AChE medication, a
form of immunomodulation is often added to the
treatment regimen. There are four basic therapeutic
options in this category: (1) plasmapheresis; (2)
IVIg; (3) steroids; and (4) steroid-sparing immuno-
suppressants.

(1) Plasmapheresis. Plasma exchange may help pa-
tients with JMG who fail to respond to anti-AChE.
Plasmaphersis may be performed using peripheral
lines in older children who have good venous access;
all others require central lines. The procedure phys-
ically removes anti-AChR IgG. Two intravenous lines
are placed in the patient, and near-total-body vol-
umes of plasma are removed and replaced with hu-
man serum albumin (or fresh-frozen plasma if nec-
essary). A complete course of pheresis typically
requires five exchanges performed every other day.
In a myasthenic crisis, pheresis may need to be per-
formed several days in succession. The first series
typically consists of three to five exchanges, depend-
ing on the severity of symptoms. Traditionally, plas-
mapheresis was used primarily in myasthenic crisis,
but we have found it effective as maintenance ther-
apy in an ambulatory setting for at least a few
months. Long-term therapy may consist of three to
five exchanges per month or one exchange every
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1–2 weeks. Acutely, side effects of plasmapheresis
may include coagulopathies, hypotension, hypoalbu-
minemia, and hypocalcemia, but this treatment is
generally well tolerated. Long-term plasmapheresis
may lead to anemia and hypocalcemia, which may be
treated with supplemental iron and calcium, respec-
tively. Scarring over the sites of venipuncture may
become an issue for some patients who receive a
large number of plasma exchanges; these patients
may need to switch to a different therapy temporarily
or permanently. Increased risk of infection may also
be an issue.

(2) Intravenous immunoglobulin. Intravenous im-
munoglobulin (IVIg) has been used successfully in
MG patients of all ages, including neonatal cases.20

IVIg is especially useful in younger children whose
veins are too small for peripheral plasmapheresis.
Side effects may include hypertension,20 headache,
nausea and vomiting, aseptic meningitis, allergic re-
action, and, rarely, kidney failure. In JMG, we typi-
cally recommend a first course of 0.4 g/kg/day for 5
consecutive days (total dose 2 g/kg, usually not to
exceed 150 g). Maintenance therapy has tradition-
ally been given at 1 g/kg/day � 2 days (total dose 2
g/kg, usually not to exceed 150 g) every 4–8 weeks;
alternatively, 1 g/kg/day � 1 day can be infused
more frequently (every 2–4 weeks), especially if side
effects develop during the second day of treatment.

The optimal dosing of IVIg remains unclear. A
Cochrane database review of IVIg in MG found in-
sufficient evidence to conclude that doubling IVIg
treatments leads to systematic improvement.15 In a
randomized, double-blind, modified placebo-con-
trolled trial of 168 patients with MG, patients re-
ceived either 2 consecutive days of IVIg vs. 1 day of
IVIg and 1 day of placebo. There was functional
improvement in both patient groups, and there was
no statistically significant difference in response be-
tween them.16

(3) Steroids. Systemic steroids, including pred-
nisone, are efficacious and cost-effective. Some pat-
ents get worse in the first week or two of a steroid
course, but responses to immunosuppressive thera-
pies often reach 80%.20 The chronic side effects of
prednisone, however, are numerous and significant,
and they have a long-term impact in children. These
include growth-stunting, weight gain, mood alter-
ation, hyperglycemia, hypertension, susceptibility to
infection, and cushingoid features. Thus, steroids
should be used with caution in children.

For ambulatory patients in a non-urgent setting,
prednisone should be started at a low dose, as pa-
tients are at risk of worsening in the first several
weeks of therapy. A suggested starting dose would be

approximately 0.5 mg/kg/day, with a maximum
starting dose of 30 mg/day for older children and
adults. The dose may be increased gradually as tol-
erated, but the patient should be maintained on the
lowest efficacious dose. Intravenous methylpred-
nisolone pulses have been used in some patients with
myasthenia, but the role of this therapy has not been
well-studied in children. In acute settings such as
myasthenic crisis, intravenous pulse steroids may
play a role if the patient does not respond ade-
quately to plasmapheresis alone. During a myas-
thenic crisis, a patient should not be discharged
home within the first few days of initiating steroid
therapy.

(4) “Steroid-sparing” immunosuppressants. Cytotoxic
drugs are an alternative to steroids. They have been
used on a limited basis in children in the past several
decades. Published reports have for the most part
only discussed the use of azathioprine.4,13,22,29,44 The
use of cyclosporine and cyclophosphamide in JMG
has been reported,2,13 and newer agents, such as
rituximab and mycophenolate mofetil, could theo-
retically be considered in severe refractory cases.
Azathioprine and other cytotoxic medications
should be considered as adjunctive medications to
assist in the weaning of steroids, and they may also be
used alone to supplement other types of therapy.

Azathioprine may be used in conjunction with
corticosteroids or alone in the management of MG.
Azathioprine is metabolized to 6-mercaptopurine by
thiopurine methyltransferase (TPMT). It reduces
purine production by interrupting DNA and RNA
synthesis and limiting the proliferation of B and T
cells. Azathioprine causes DNA damage and inhibits
interleukin-2 secretion.6 Side effects include dose-
dependent bone marrow suppression, gastrointesti-
nal symptoms, reversible hepatitis and/or pancreati-
tis (rarely), and hypersensitivity reactions.13,28

Patients should be genotyped for TPMT status prior
to initiating therapy, because more severe leukope-
nia and thrombocytopenia may ensue in patients
with TPMT mutations. Azathioprine is associated
with a slightly increased risk of malignancy. We have
not observed this complication in children who re-
ceived 1–2 years of therapy, but there is one report of
a patient with onset at 17 years who developed renal
cell carcinoma at age 43 years, after approximately
28 months of therapy with azathioprine.22 Patients
who receive long-term azathioprine therapy should
be warned about the risks of malignancy and leuko-
penia.

A typical azathioprine regimen in children may
consist of a starting dose of 1 mg/kg/day adminis-
tered once daily. The dose may be increased by 0.5–1
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mg/kg/day every 4–8 weeks, with a maximum dose
of 3 mg/kg/day. Blood counts and liver function
tests should be monitored periodically. Somnolence
is a common side effect, and thus the medication
should be administered in the evening if possible.
Due to the small risk of malignancy and frequent
occurrence of leukopenia, we recommend that aza-
thioprine not be used for �1–2 years unless there
are no other alternatives.

Mycophenolate mofetil (MyM) is hydrolyzed to
mycophenolic acid in vivo and inhibits guanine syn-
thesis through its action as a reversible, noncompet-
itive inhibitor of inosine monophosphate dehydro-
genase. Unlike azathioprine, which also inhibits
purine synthesis, MyM appears to have less of a
detrimental effect on bone marrow activity. MyM is
particularly targeted to restrain T- and B-cell prolif-
eration, as these cells are unable to use a salvage
pathway to incorporate guanosine in DNA and RNA
replication. It has also been demonstrated to reduce
antibody production, thereby owing its specific ad-
vantage over cyclosporine, which predominantly in-
hibits T cells. An additional advantage that MyM may
have over cyclosporine is its lack of renal toxicity.
MG patients with renal toxicity from cyclosporine
have been successfully transitioned to MyM.21

A number of case reports,8,29 open trials,9,11 and
nonblinded studies have indicated promising effects
of MyM in MG, predominantly in conjunction with
other immunosuppressive agents.7,35 In a retrospec-
tive analysis of 85 patients (aged 12–86 years) given
MyM, clinical improvement was observed in 73%.24

A small study demonstrated improvement of single-
fiber EMG results in MG patients receiving MyM.26

However, a recent randomized trial studying the
addition of MyM or placebo to corticosteroid ther-
apy [n (total) � 168] showed no clear differences in
symptom reduction or achievement of pharmacolog-
ical remission in adult MG patients.39 The efficacy of
MyM is not established in adult MG, and it has not
been studied at all in JMG. It should be considered
for treatment of JMG only if all other therapies are
ineffective or contraindicated.

Surgical Immunomodulation: Thymectomy. Re-
ports of thymomas in juvenile MG are rare; thymo-
mas are exceptional in prepubertal children, but
they may be found slightly more frequently in peri-
and postpubertal MG. We have encountered one
adolescent male in our clinic who had JMG associ-
ated with a thymoma. Seropositive patients appear to
be more likely to present with thymoma or thymic
hyperplasia.42

There is a paucity of data regarding the efficacy
of thymectomy in the pediatric population. The low

prevalence and variable spontaneous remission rate
are two contributing factors, although an interna-
tional randomized trial is currently being con-
ducted. Retrospective studies, however, do provide
some guidance. A recent, thorough review of the
literature of thymectomy in patients with juvenile
MG suggested that thymectomy within 2 years of
diagnosis results in a higher rate of remission in
Caucasian children.40 We detected a good remission
rate in our generalized JMG patients who have un-
dergone thymectomy, usually within a year after sur-
gery, but the response is occasionally delayed.

The histological status of the thymus is associated
with long-term outcomes following thymectomy.23 In
a retrospective analysis of 147 juvenile and adult
patients who had T3-b thymectomies, the patients
with thymoma had a 27.7% remission rate after 10
years, whereas those without thymoma had a 45.2%
rate. The prognosis of non-thymomatous patients
seems to depend on age of onset and immunosup-
pressive therapy, whereas prognosis of thymomatous
patients depends on immunosuppressive therapy
only.33

Thymectomy does not appear to impair the im-
mune status of the majority of childhood patients,
but it should be undertaken with caution in very
young children due to the occurrence of some im-
munological abnormalities in this group post-
thymectomy.2

Treatment during Myasthenic Crisis. In children
and adolescents as well as in adults, a myasthenic
crisis may be life-threatening, and it usually requires
intensive-care monitoring. Several series have men-
tioned the occurrence of myasthenic crises in their
JMG cohort, but only a handful have discussed its
short-term management. Thus far we have encoun-
tered two episodes of myasthenic crises among our
JMG population. Any patient with JMG who has dys-
pnea or other suspicious symptoms, such as drowsi-
ness and fatigue, should immediately be evaluated
for respiratory failure. This evaluation may include
simple bedside tests such as counting out loud on
one breath (normal for adolescents is counting to 30
or higher), neck flexion strength (which often cor-
relates with respiratory function), negative inspira-
tory force (NIF), and vital capacity. Depending on
the clinical circumstances, an arterial blood-gas anal-
ysis may be indicated and, in severe cases, the patient
may require immediate intubation and mechanical
ventilation. Pyridostigmine is rarely helpful in myas-
thenic crises, and in cases where a patient is having
a cholinergic crisis it may even be harmful. Thus,
pyridostigmine therapy should be suspended during
an acute crisis of either type (a good rule-of-thumb is
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to suspend therapy as long as the patient cannot
safely take the medication by mouth). As in adult
autoimmune MG, the standard immunomodulatory
therapy for myasthenic crisis in JMG appears to be
plasmapheresis, based on the limited reports avail-
able and our own experience.13,41 In this acute set-
ting, plasmapheresis is most effectively and safely
administered via central access rather than periph-
eral lines at any age. If plasmapheresis is not avail-
able or is contraindicated, IVIg or pulse intravenous
steroids may be considered. All children in myas-
thenic crisis should be observed in an intensive care
unit until their respiratory status has stabilized, re-
gardless of whether they actually require mechanical
ventilation.

Other Medical Considerations for Patients with MG.

Medications. Certain medications are known to
worsen myasthenic symptoms, although the reac-
tions vary between individuals.1 d-penicillamine and
interferon are absolutely contraindicated and
should never be used in patients with JMG. A num-
ber of other relatively contraindicated medications
should be avoided if possible, or used with caution if
there are no good alternatives. These include anti-
biotics such as aminoglycosides, tetracyclines, and
fluoroquinolones; cardiac agents such as procain-
amide, quinidine, and beta-blockers; and neuromus-
cular blocking agents. A number of other agents
have been reported to worsen myasthenic symp-
toms,1 and thus any new medication should be in-
vestigated using a current database before prescrib-
ing.

Surgery. Surgical procedures that require anes-
thesia usually involve the use of neuromuscular
blocking agents (NMBAs), which competitively in-
hibit the binding of ACh to the AChRs. These drugs
are found in both polarizing (e.g., succinylcholine)
and non-depolarizing (e.g., rocuronium and vecuro-
nium) forms. The decreased AChR density at the
NMJ of patients with MG makes NMBAs particularly
potent in this cohort of patients. As such, when
patients with MG require surgery, the anesthesiolo-
gist should avoid NMBAs whenever possible. If a
paralytic is required, the preferable choice is succi-
nylcholine.30

Infections. Acute infections have three ramifica-
tions for individuals with JMG. First, the amplifica-
tion of nonspecific immune function in response to
infection or disease may aggravate MG symptoms
with increased B- and T-cell production. Second,
immunomodulatory and suppressive treatment, in-
cluding pheresis and long-term steroid use, can
weaken the immune system. Third, antibiotics

should be selected carefully in acute illnesses, as a
number of these agents have the potential to worsen
myasthenic symptoms.

CONCLUSIONS

JMG is a relatively rare but serious and potentially
life-threatening disease. The pathophysiology and
clinical presentation resemble those of adult MG,
but the epidemiology, prognosis, and therapeutic
approach differ. Steroids should be used more cau-
tiously in children than in adults due to the long-
term side effects. Thymectomy should be considered
in cases of generalized JMG. Myasthenic crises may
occur in JMG just as in adult MG, and they should be
treated aggressively.

REFERENCES

1. Adams SL, Mathews J, Grammer LC. Drugs that may exacer-
bate myasthenia gravis. Ann Emerg Med 1984;13:532–538.

2. Andrews P, Sanders D. Juvenile myasthenia gravis. In: Jones
H, De Vivo D, Darras B, editors. Neuromuscular disorders of
infancy, childhood, and adolescence: a clinician’s approach.
Boston: Butterworth Heinemann; 2003.

3. Andrews PI, Massey JM, Howard JF Jr, Sanders DB. Race, sex,
and puberty influence onset, severity, and outcome in juve-
nile myasthenia gravis. Neurology 1994;44:1208–1214.

4. Ashraf VV, Taly AB, Veerendrakumar M, Rao S. Myasthenia
gravis in children: a longitudinal study. Acta Neurol Scand
2006;114:119–123.

5. Batocchi AP, Evoli A, Palmisani MT, Lo Monaco M, Bartoc-
cioni M, Tonali P. Early-onset myasthenia gravis: clinical char-
acteristics and response to therapy. Eur J Pediatr 1990;150:
66–68.

6. Briggs JD. A critical review of immunosuppressive therapy.
Immunol Lett 1991;29:89–94.

7. Cahoon WD Jr, Kockler DR. Mycophenolate mofetil treat-
ment of myasthenia gravis. Ann Pharmacother 2006;40:295–
298.

8. Caponnetto C, Rossi E, Primavera A. Mycophenolate mofetil:
a new immunosuppressive approach. Successful treatment in
a case of myasthenia gravis associated with incomplete lupus
erythematosus syndrome and hepatitis C virus infection. Eur
Neurol 2001;46:53–54.

9. Chaudhry V, Cornblath DR, Griffin JW, O’Brien R, Drachman
DB. Mycophenolate mofetil: a safe and promising immuno-
suppressant in neuromuscular diseases. Neurology 2001;56:
94–96.

10. Christiansen FT, Pollack MS, Garlepp MJ, Dawkins RL. Myas-
thenia gravis and HLA antigens in American blacks and other
races. J Neuroimmunol 1984;7:121–129.

11. Ciafaloni E, Massey JM, Tucker-Lipscomb B, Sanders DB.
Mycophenolate mofetil for myasthenia gravis: an open-label
pilot study. Neurology 2001;56:97–99.

12. Engel AG, Hohlfeld R. Acquired autoimmune myasthenia
gravis. In: Engel AG, Franzini-Armstrong C, editors. Myology:
basic and clinical, 3rd ed. New York: McGraw-Hill; 2004.

13. Evoli A, Batocchi AP, Bartoccioni E, Lino MM, Minisci C,
Tonali P. Juvenile myasthenia gravis with prepubertal onset.
Neuromuscul Disord 1998;8:561–567.

14. Furukawa S, Akazawa S, Furukawa Y, Kamo I, Satoyoshi E,
Hayashi K. A practical enzyme immunoassay for anti-acetyl-
choline receptor antibodies in myasthenia gravis. J Neuroim-
munol 1984;6:397–409.

430 Juvenile Myathenia Gravis MUSCLE & NERVE April 2009



15. Gajdos P, Chevret S, Toyka K. Intravenous immunoglobulin
for myasthenia gravis. Cochrane Database Syst Rev 2003;
CD002277.

16. Gajdos P, Tranchant C, Clair B, Bolgert F, Eymard B, Stojk-
ovic T, et al. Treatment of myasthenia gravis exacerbation
with intravenous immunoglobulin: a randomized double-
blind clinical trial. Arch Neurol 2005;62:1689–1693.

17. Gamio S, Garcia-Erro M, Vaccarezza MM, Minella JA. Myas-
thenia gravis in childhood. Binocul Vis Strabismus Q 2004;
19:223–231.

18. Haliloglu G, Anlar B, Aysun S, Topcu M, Topaloglu H,
Turanli G, et al. Gender prevalence in childhood multiple
sclerosis and myasthenia gravis. J Child Neurol 2002;17:390–
392.

19. Jitpimolmard S, Taimkao S, Chotmongkol V, Sawanyawisuth
K, Vincent A, Newsom-Davis J. Acetylcholine receptor anti-
body in Thai generalized myasthenia gravis patients. J Med
Assoc Thai 2006;89:68–71.

20. Kang PK, Finkel RS. Myasthenia gravis. In: Burg FD, editor.
Current pediatric therapy, 18th ed. Philadelphia: Saunders
Elsevier; 2006.

21. Lim AK, Donnan G, Chambers B, Ierino FL. Mycophenolate
mofetil substitution for cyclosporine-dependent myasthenia
gravis and nephrotoxicity. Intern Med J 2007;37:55–59.

22. Lindner A, Schalke B, Toyka KV. Outcome in juvenile-onset
myasthenia gravis: a retrospective study with long-term fol-
low-up of 79 patients. J Neurol 1997;244:515–520.

23. Liu W, Tong T, Ji Z, Zhang Z. Long-term prognostic analysis
of thymectomized patients with myasthenia gravis. Chin Med
J (Engl) 2002;115:235–237.

24. Meriggioli MN, Ciafaloni E, Al-Hayk KA, Rowin J, Tucker-
Lipscomb B, Massey JM, et al. Mycophenolate mofetil for
myasthenia gravis: an analysis of efficacy, safety, and tolerabil-
ity. Neurology 2003;61:1438–1440.

25. Meriggioli MN, Rowin J. Treatment of myasthenia gravis with
mycophenolate mofetil: a case report. Muscle Nerve 2000;23:
1287–1289.

26. Meriggioli MN, Rowin J, Richman JG, Leurgans S. Mycophe-
nolate mofetil for myasthenia gravis: a double-blind, placebo-
controlled pilot study. Ann NY Acad Sci 2003;998:494–499.

27. Millichap JG, Dodge PR. Diagnosis and treatment of myasthe-
nia gravis in infancy, childhood, and adolescence: a study of
51 patients. Neurology 1960;10:1007–1014.

28. Morita MP, Gabbai AA, Oliveira AS, Penn AS. Myasthenia
gravis in children: analysis of 18 patients. Arq Neuropsiquiatr
2001;59:681–685.

29. Mullaney P, Vajsar J, Smith R, Buncic JR. The natural history
and ophthalmic involvement in childhood myasthenia gravis

at the Hospital for Sick Children. Ophthalmology 2000;107:
504–510.

30. Nguyen T. Anesthesia and myasthenia gravis. Philadelphia:
Elsevier Saunders; 2007.

31. Niks EH, Kuks JB, Verschuuren JJ. Epidemiology of myasthenia
gravis with anti-muscle specific kinase antibodies in The Neth-
erlands. J Neurol Neurosurg Psychiatry 2007;78:417–418.

32. Palace J, Vincent A, Beeson D. Myasthenia gravis: diagnostic
and management dilemmas. Curr Opin Neurol 2001;14:583–
589.

33. Park IK, Choi SS, Lee JG, Kim DJ, Chung KY. Complete stable
remission after extended transsternal thymectomy in myas-
thenia gravis. Eur J Cardiothorac Surg 2006;30:525–528.

34. Pitt M. Neurophysiological strategies for the diagnosis of dis-
orders of the neuromuscular junction in children. Dev Med
Child Neurol 2008;50:328–333.

35. Prakash KM, Ratnagopal P, Puvanendran K, Lo YL. Mycophe-
nolate mofetil—as an adjunctive immunosuppressive therapy
in refractory myasthenia gravis: the Singapore experience.
J Clin Neurosci 2007;14:278–281.

36. Raksadawan N, Kankirawatana P, Balankura K, Prateepratana
P, Sangruchi T, Atchaneeyasakul LO. Childhood onset myas-
thenia gravis. J Med Assoc Thai 2002;85(suppl 2):S769–777.

37. Rodriguez M, Gomez MR, Howard FM Jr, Taylor WF. Myas-
thenia gravis in children: long-term follow-up. Ann Neurol
1983;13:504–510.

38. Rubin DI, Hentschel K. Is exercise necessary with repetitive
nerve stimulation in evaluating patients with suspected myas-
thenia gravis? Muscle Nerve 2007;35:103–106.

39. Sanders DB, Hart IK, Mantegazza R, Shukla SS, Siddiqi ZA,
De Baets MH, et al. An international, phase III, randomized
trial of mycophenolate mofetil in myasthenia gravis. Neurol-
ogy 2008;71:400–406.

40. Seybold ME. Thymectomy in childhood myasthenia gravis.
Ann NY Acad Sci 1998;841:731–741.

41. Snead OC III, Benton JW, Dwyer D, Morley BJ, Kemp GE,
Bradley RJ, et al. Juvenile myasthenia gravis. Neurology 1980;
30:732–739.

42. Toth C, McDonald D, Oger J, Brownell K. Acetylcholine
receptor antibodies in myasthenia gravis are associated with
greater risk of diabetes and thyroid disease. Acta Neurol
Scand 2006;114:124–132.

43. Wong V, Hawkins BR, Yu YL. Myasthenia gravis in Hong Kong
Chinese. 2. Paediatric disease. Acta Neurol Scand 1992;86:
68–72.

44. Zhang X, Yang M, Xu J, Zhang M, Lang B, Wang W, et al.
Clinical and serological study of myasthenia gravis in HuBei
Province, China. J Neurol Neurosurg Psychiatry 2007;78:386–
390.

Juvenile Myathenia Gravis MUSCLE & NERVE April 2009 431




