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The inﬂammatory myopathies comprise disorders of immune-mediated muscle injury.
The histopathology and clinical features help distinguish them. Juvenile dermatomyositis (JDM) is the most common form of myositis in children and adolescents. Children
with JDM present with proximal muscle weakness and characteristic rashes. The
presentation is similar in children and adults, but JDM is a primary disorder and the
adult form often is concerning for a paraneoplastic syndrome. Proximal muscle
weakness occurs with dermatomyositis, polymyositis, and immune-mediated necrotizing myopathy, but the latter two conditions have no dermatologic ﬁndings or
distinct tissue changes which set them apart from dermatomyositis. Inclusion body
myositis, also included in the inﬂammatory myopathies, presents with more distal
involvement, and microscopically exhibits identiﬁable rimmed vacuoles. We review key
features of these disorders, focusing in more detail on JDM because it is more often
encountered by the child neurologist.

The inﬂammatory myopathies are characterized by immunemediated skeletal muscle injury. The pattern of muscle
involvement along with the histopathological ﬁndings helps
distinguish the different disorders. Dermatomyositis (DM),
polymyositis (PM), inclusion body myositis (IBM), and
immune-mediated necrotizing myopathy (IMNM) are predominantly seen in the adult population. Juvenile dermatomyositis (JDM) presents in early adolescence and should be
considered when a young patient presents with complaints of
muscle weakness and dermatologic changes. We will focus
primarily on JDM because it is the inﬂammatory myopathy
most likely to be encountered by the child neurologist. The
other inﬂammatory myopathies will be reviewed brieﬂy,
recognizing they are far rarer or do not occur in the pediatric
population.

Juvenile Dermatomyositis
JDM is rare, but it is the most common inﬂammatory
myopathy of childhood.1 The incidence of JDM is around
2.5 per million per year, and the prevalence is 2.5 per
100,000. Median age of onset is between 5.7 and 6.9 years,

Issue Theme Pediatric Neurology, Part 2;
Guest Editors, Kendall B. Nash, MD, and
Nilika Shah Singhal, MD

with median age at the time of diagnosis around 7.5 years.1,2
The exact cause of JDM is unknown, but several theories have
emerged over the years. Studies point toward a genetic
predilection to the disease with speciﬁc genetic markers
such as HLA-D3, for example.3 The predisposition for JDM
may be ﬂared by environmental factors such as sun exposure,
medications, or certain infections.4 Suspected organisms
inciting JDM are group A beta hemolytic streptococci,5
enterovirus,2 and Coxsackie B virus.6 The third may serve a
clue as to why there seems to be a seasonal nature to the
disease with a higher incidence occurring in nonwinter
months.7 Whether genetically destined or provoked by an
environmental or infectious process, an immune-mediated
inﬂammatory cascade is triggered, leading to a systemic
vasculopathy affecting the endothelial cells in the majority
of a patient’s tissues.8 Early in the disease course, cytokines
and interferons cause a small vessel vasculitis.9 Over time,
however, inﬂammatory products occlude the vessels, leading
to capillary destruction and surrounding tissue necrosis.9,10
Tissue inﬂammation occurs throughout the body, but is most
notable in the skeletal muscle and skin, giving the hallmark
clinical features of proximal weakness and characteristic
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rashes.1,2 The large muscles of the hip and shoulder are
affected in a symmetric pattern, with typically preserved
strength in the distal smaller muscles of the hands and
feet.1,11 In comparison to patients with adult-onset DM and
PM, JDM demonstrates the greatest weakness in hip ﬂexors,
extensors, and adductors, as well as neck ﬂexors and shoulder
abductors.12,13 Functional limitations include difﬁculty in walking, using stairs, or lifting arms above the head.12,14 Muscle
weakness may progress to the bulbar muscles, leading to
dysphonia and dysphagia, and may be heralded by a nasal
quality to the voice or coughing with swallowing.15,16
Weakness may be an acute presentation or can take several
weeks to months to develop, depending on the degree of
inﬂammation.11 With progressive disease, the inﬂammatory
changes can lead to ﬁbrosis and ﬂexion contractures of involved
muscles, causing further limitations in function.13,17
The characteristic dermatologic features of JDM involve
the heliotrope rash, Gottron’s papules, and nail fold changes.
These ﬁndings may precede the muscle involvement by
several months. The heliotrope rash is described as a purple
violaceous rash involving the eyelid and surrounding the
orbit.18,19 There may be periorbital edema associated with
the rash, depending on the severity of disease.20,21 The
heliotrope rash is not typically seen in other autoimmune
disorders such as systemic lupus erythematosus and scleroderma; thus, it is almost pathognomonic for JDM.22 Gottron’s
papules are an erythematous papulosquamous rash of the
dorsal aspects of the elbows and metacarpal and interphalangeal joints.2 Telangiectasias are commonly seen within
Gottron’s papules.22 Periungual telangiectasias are tortuous
capillary vessels noted at the nail folds. Best seen with a
capillaroscopy, one can visualize the dilated capillary loops
with areas of drop out, or avascularity, directly the cause of
endovascular inﬂammation.23,24 Other cutaneous ﬁndings
include a photosensitive malar distribution rash, poikilodermatous eruption on the chest (V-sign) and back (shawl
sign), and alopecia.22 These ﬁndings are not speciﬁc for JDM
and require further evaluation to rule out other systemic
autoimmune disorders.
Other systems involved in JDM include soft tissues, gastrointestinal tract, and the lungs. Dystrophic calcinosis, or
the deposition of calcium products in injured tissue, occurs
in up to 40% of patients with JDM.25 Commonly affected areas
are skin, subcutaneous tissue, and muscle of the elbows,
knees, trunk, hands, and feet.1,9,25 Calcinosis is a chronic
ﬁnding in JDM, typically presenting greater than 1 year from
the start of inﬂammation.25 An uncommon but serious
ﬁnding is vasculopathy in the gastrointestinal tract leading
to ulceration, hemorrhage, or perforation.26 Interstitial lung
disease, seen in only 2 to 14% of cases, is a rare complication
of JDM and may be present with or without overt respiratory
symptoms.27,28 Lastly, patients with JDM may complain of
systemic symptoms such as nonspeciﬁc fatigue, adenopathy,
fever, or arthralgias.2
A thorough history and physical exam will help point
toward the diagnosis, as many of the clinical features of the
disease are readily noted by gross observation. When the
clinical suspicion for JDM is high, laboratory testing and
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imaging support the clinical diagnosis. Basic screening labs
with complete blood count, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), creatine kinase (CK), lactate dehydrogenase (LDH), C-reactive protein (CRP), and
erythrocyte sedimentation rate (ESR) should be drawn to
evaluate for signs of systemic inﬂammation and chronic
disease.29,30 The patient may present with anemia of chronic
disease; the white blood cell count, CRP, and ESR may be
elevated as signs of acute or chronic inﬂammation. LDH, ALT,
and AST may be elevated due to muscle breakdown.29 CK
levels can be normal, but in over half of patients with JDM the
CK is more than 10 times the upper limit of normal.29,31
Myositis autoantibodies (MSAs) may be positive in half of
cases, with speciﬁc MSAs being anti-Jo-1, anti-p155/140
most frequently, followed by anti-MJ, antisynthetase, antisignal recognition particle (SRP), and anti-MI-2.32 Many
individuals, however, do not have a positive autoantibody.
Anti-Jo-1, which is commonly positive in adult forms of DM,
is rarely positive in pediatric cases.33 ANA may be positive as
well, but is nonspeciﬁc for autoimmune disease.
Radiographic evidence of inﬂammation may be seen in
affected muscles, best seen on MRI. The classic changes seen
on MRI are muscle edema, perifascicular edema, or signal
changes, and honeycombed appearance of affected muscles
(►Fig. 1).34,35 The original 1975 Peter and Bohan criteria for
the diagnosis of DM included muscle biopsy and electromyography (EMG) in addition to the clinically noted proximal muscle
weakness, skin changes, and elevated muscle enzymes.2 These
are not routinely performed, as the updated criteria by the
European League Against Rheumatism and American College
of Rheumatology (ELAR/ACR) use clinical and laboratory testing predominantly with biopsy if the diagnosis remains equivocal.36 If a biopsy is needed, a muscle that is mild to moderately
affected may help solidify the diagnosis in the proper context
with supporting data. A profoundly weak muscle may only
demonstrate ﬁbrosis and chronic inﬂammatory changes without the architecture noted in JDM. The typical muscle biopsy
(►Fig. 2) demonstrates a perivascular mononuclear cell inﬁltrate, myoﬁber necrosis, and atrophy of the perifascicular
myocytes.37 The inﬁltrates largely consist of B cells, CD4þ
helper T cells, and macrophages.38 Furthermore, an EMG and
nerve conduction study of a patient with JDM demonstrates
small, myopathic motor units with spontaneous discharges,37
which supports the pathology being in the muscle itself and not
the nerve that supplies it.
The clinical course of JDM presents in one of three paths. A
monophasic course, roughly one-third of cases, presents as
an initial ﬂare, and remission is achieved in 2 years with or
without therapy. A chronic continuous course, occurring in
up to two-thirds of cases, demonstrates disease burden
despite adequate therapy for greater than 2 years. Last,
and considerably less common, is a polyphasic, relapsingremitting course when not treated with corticosteroids.39,40
Inadequate therapy or delay in treatment are important
factors in dictating the clinical course, while early therapy
has shown to decrease morbidity and mortality.41,42
Corticosteroids are the initial and mainstay therapy
in patients with JDM.2,11,42,43 Whether to use oral
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Fig. 1 T2-weighted MRI of the femur of an adolescent with juvenile dermatomyositis. Note the heterogenous signal change in the posterior
compartment of the thigh bilaterally.

Fig. 2 Muscle biopsy of vastus lateralis of an adolescent with juvenile dermatomyositis. (A) Perivascular inﬂammatory inﬁltrates (arrow); (B)
perifascicular inﬁltrates with atrophy of the perifascicular myocytes and relatively preserved architecture of the more centrally located myocytes
(arrowhead). (Figures provided by Marc Cohen, MD, Pathologist University Hospitals Cleveland Medical Center.)

prednisolone or intravenous methylprednisolone at the initial presentation depends on the severity of presentation and
is institution dependent. A retrospective evaluation of the
effectiveness of oral versus intravenous steroids demonstrated a reduction in disease activity and chronic burden with
intravenous steroids, speciﬁcally for ﬂares.41,43 Patients on
steroid therapy demonstrate improved energy, increased
strength, and decreasing muscle enzymes, which can be
followed over time to monitor effectiveness of treatment.37
With long-term steroid use, however, patients demonstrate
side effects, including weight gain, hypertension, osteoporosis, and steroid myopathy.37 The addition of a steroid-sparing
agent, such as methotrexate, signiﬁcantly reduces the overall
amount of steroids the patient receives, thus decreasing the
effects of chronic steroid use.43
Refractory cases of JDM require additional immunomodulating agents to prevent continued deterioration from the disease.
Seminars in Neurology
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Cyclosporine is an effective alternative to methotrexate as a
steroid-sparing agent for daily treatment.44,45 Intravenous immunoglobulin (IVIG) has proven efﬁcacious in adults and children with DM. Patients treated with IVIG demonstrated similar
disease control or lower disease activity, speciﬁcally in those
children who were steroid resistant.46 In addition to immunosuppression, immunomodulation medications are used in severe refractory cases as well. Rituximab, a B-cell–depleting
medication, showed varied results in a randomized control trial,
but did demonstrate ability to decrease steroid burden in
patients with JDM.47 Tumor necrosis factor-alpha (TNF-α) has
been shown to lead to a more chronic course with worsening
calcinosis.43,48 Inﬂiximab and etanercept, anti-TNF-α agents,
have proven effective in the treatment of severe refractory JDM,
speciﬁcally in joint movement, skin ﬁndings, and reduction of
calcinosis.39,48 Medications used in the treatment of SLE have
also shown reductions in disease burden, such as
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Dermatomyositis and Polymyositis
Adult-onset DM behaves in a similar fashion as the juvenile
form. The hallmarks of disease are the recognizable heliotrope
rash and Gottron’s papules, as well as symmetric and proximal
muscle weakness.52 The ﬁndings on muscle MRI, biopsy, and
EMG demonstrate the same honeycombed pattern, perifascicular atrophy, and inﬂammation and myopathic changes, respectively.13,52 Similar myositis-speciﬁc antibodies are present in
children and adults.52,53 The complications of the disease,
however, are markedly disparate between the two populations,
speciﬁcally in regard to lung disease and association with
malignancy.53 Interstitial lung disease is associated with higher
mortality in adult patients, and is seen in 20 to 65% of patients
with idiopathic inﬂammatory myopathies. Although half of
children may demonstrate changes on pulmonary function
testing, only about 3.5% of affected children exhibit radiographic
evidence of interstitial lung disease.53,54 DM in adults is more
likely to be associated with malignancy, with the most common
being breast cancer and adenocarcinoma of the lung and colon.
The risk is highest in the ﬁrst year after onset of symptoms.53,55,56 The association of improvement of DM with
treatment of the underlying malignancy and worsening with
relapse supports the notion of DM as a paraneoplastic phenomenon.53 In comparison, JDM is noted as a primary disease
process and has not been clearly linked with malignancy in
children.2,14,53 Therefore, screening is not routinely advised
unless the history or physical examination provide warning
signs for malignancy. It remains unclear why adult and pediatric
DMs are histologically and immunologically similar but differ in
regard to clinical associations and course.
PM presents in adulthood in the vast majority of cases, and
rarely in the pediatric population. The onset of PM is more
indolent than JDM/DM, with no heralding skin manifestations,
thus making the onset of disease more difﬁcult to pinpoint.
Similar to JDM and DM, PM affects the proximal muscles in a
symmetric manner, with elevation of muscle enzymes and EMG
demonstrating myopathic changes.1,31,57 The weakness associated with PM can be more severe than that with DM and affect
distal muscles as well.1 Unlike JDM, cardiac involvement is more
common in patients with PM, occurring in 35% of cases.1 CK
levels in active disease can be elevated to 50 times the normal
value, considerably higher than in DM and JDM.31 Biopsy in PM
demonstrates inﬂammatory endomysial inﬁltrates largely composed of CD8þ T cells, pointing to a cell-mediated cytotoxic
injury involving the myoﬁbers, differentiating it from JDM and
DM.1,38 PM is a diagnosis of exclusion after ruling out DM,
neuromuscular junction disorders, myotoxic drug exposure,
muscle enzyme disease, and muscular dystrophies.31 There is
a higher incidence of malignancy in adult-onset PM, but not as
high as DM, adenocarcinoma being the most commonly associated malignancy.55
Similar to JDM, the goals of therapy for DM and PM are
decreasing overall disease burden, improving strength, and
preventing decline of physical daily function. Corticosteroids
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and immunosuppressants or modulators remain the mainstays of therapy.58,59 If presenting as a paraneoplastic syndrome, treatment of inciting malignancy helps prevent further
progression of muscle disease. Patients with PM may present as
part of the spectrum of other rheumatologic diseases such as
systemic lupus erythematosus and mixed connective tissue
disease, thus necessitating longer courses of therapy than those
with PM alone.58

Immune-Mediated Necrotizing Myopathy
Considerably rarer and more recently described is the IMNM,
also known as necrotizing autoimmune myopathy (NAM).
Patients present with severely pronounced proximal muscle
weakness similar to JDM, DM, and PM, with a biopsy that
demonstrates prominent necrotic changes with minimal or
no cellular inﬁltrate.60 This necrosis distinguishes it from the
previously described myopathies. Laboratory evaluation
reveals elevated muscle enzymes (CK, LDH, ALT, AST), and
anti-SRP and anti-hydroxy-3-methylglutaryl-CoA reductase
(anti-HMGCR) autoantibodies are highly associated with
the disease.60 The presence of speciﬁc antibodies helps
delineate clinical course and treatment. Anti-SRP–positive
patients resemble those of JDM and DM without the skin
ﬁndings. They have more severe muscle involvement, a
higher incidence of extramuscular presentations (e.g., interstitial lung disease), and respond better to rituximab.
Patients with anti-HMGCR antibodies are typically seen after
statin medication use, and respond better to IVIG therapy. Of
note, IMNM is different than statin-induced myopathy,
which resolves after discontinuation of the offending agent;
IMNM continues to persist after ceasing therapy.60,61
A seronegative subtype has been described, but there are
limited data on the phenomenon and further investigation is
required. Though typically presents in the fourth and ﬁfth
decades of life, IMNM can present in adolescence, giving a
clinical picture similar to that of limb-girdle muscular dystrophy.60 The child’s weakness may reverse with aggressive
early immunosuppression therapy, especially if anti-SRP
positive.60,62,63 Patients with IMNM have poorer prognosis
compared to those with JDM, DM, and PM, demonstrating
continued weakness after 2 years of adequate treatment.

Inclusion Body Myositis
In stark contrast to the previously described myopathies, IBM
presents in a distinct fashion that distinguishes it from the
other disorders. Classically described as a myopathy presenting
after age 50, patients with IBM develop profound weakness and
atrophy of the quadriceps and intrinsic ﬂexor muscles of the
hands.11 One limb is typically more affected than the others. In
addition, dysphagia is a common complaint, and may even be
the initial complaint given the insidious onset of limb weakness.64 Laboratory evaluation demonstrates elevation of the
CK, roughly 10 to 15 times the upper limit of normal.11,64
Similar to DM and PM, EMG demonstrates myopathic motor
units with increased insertional activity, although a few
individuals may demonstrate mixed myopathic and
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neuropathic ﬁndings.64 Muscle biopsy is the deﬁnitive test,
demonstrating endomysial inﬂammation, cytoplasmic inclusions, and myoﬁbers with one or more rimmed vacuoles, best
seen with Congo red staining.11,64 This ﬁnding is pathognomonic for the disease.
In contrast to the other inﬂammatory myopathies, IBM is
more treatment resistant to current immunosuppressive
agents. In some patients, corticosteroids provide temporary
symptomatic relief of symptoms, but resistance usually develops within 3 to 6 years of therapy.64 Several studies investigating IVIG as a potential treatment for IBM have demonstrated no
beneﬁt, with or without the use of steroids.65,66 Similarly,
methotrexate, interferon-beta-1a, antithymocyte globulin,
oxandrolone, anakinra, and alemtuzumab have all failed to
prevent disease progression.64 Given the high rates of falls and
dysphagia, physical, occupational, and speech therapy are
recommended for patients with IBM. Therapy is aimed at
building strength and developing safe techniques to accomplish activities of daily living.64 Dysphagia is often an underreported symptom, and should be screened for at clinic visits
given its high risk of mortality.67 Referral to an otolaryngologist
may be necessary for patients at risk of aspiration. Cricopharyngeal myotomy, pharyngoesophageal dilatation, or botulinum
injection to the upper esophageal sphincter may help maintain
oral intake.68 For patients who begin to suffer from nutritional
deﬁcits and/or weight loss, a feeding tube may be beneﬁcial.

4 Mamyrova G, Rider LG, Ehrlich A, et al. Environmental factors

5

6

7

8

9
10

11
12

13

14

Conclusion

15

In summary, the inﬂammatory myopathies present primarily as muscle weakness, and the conﬁguration of extramuscular manifestations and muscle biopsy help guide diagnosis
and treatment of the disease. It is important to recognize that
JDM is the most common inﬂammatory myopathy in children, though PM and IMNM may present in this population
as well. Immunosuppression with steroids is the ﬁrst-line
therapy for many of these diseases, though the response to
therapy varies depending on the underlying pathology. Early
diagnosis and initiation of therapy is key to minimizing the
morbidity and mortality associated with these diseases.
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