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SUMMARY

The presence of muscular symptoms is common in rheumatological clinical practice, but often the differential
diagnosis between muscular involvement in connective tissue diseases, vasculitis and drug-induced myopathy
may be difficult. In addition to clinical assessment, laboratory analysis and instrumental examinations, muscle
biopsy may help to clarify the diagnosis in patients with muscular involvement.

The purpose of this review is to provide a critical analysis of the current medical literature on muscular histopa-
thology, to help clinicians to identify when to perform muscular biopsy and to provide a practical guide to a better
understanding of the pathology report. Moreover, we provide an overview of the muscular involvement and the
most common histopathological findings in theumatic diseases.
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H INTRODUCTION

Muscular symptoms may be frequently
observed in routine rheumatology

clinical practice. Although histopathologi-
cal data should always be integrated by
clinical assessment, laboratory analysis
(muscle necrosis enzymes) and electro-
physiological and imaging examinations,
muscle biopsy plays a crucial role in the
assessment of muscle involvement in dif-
ferent rheumatic diseases, and is useful for
the differential diagnosis, particularly be-
tween inflammatory, metabolic or necrotiz-
ing diseases (1).

H SELECTION OF THE PATIENT,
MUSCULAR SITE AND BIOPSY
TECHNIQUE

A muscular biopsy should be planned only
after a complete clinical and instrumental
assessment of the patient, having ensured
that the diagnosis could not have been
reached with less expensive and/or invasive
ways (1).
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The presence of muscular symptoms
(weakness or pain, cramps, or fatigue with
activity) or changes in laboratory data, rep-
resent the main indication for a muscle bi-
opsy, although some rheumatological con-
ditions, such as systemic vasculitis, may
present pathological changes even in the
absence of muscular symptoms (2).

The selection of the muscle on which to
perform the biopsy should be primarily
based on the distribution of the symptoms:
it is important to exclude both a severely
involved muscle which has been replaced
by fat or connective tissue, and a scarcely
affected muscle that might not show suffi-
cient changes. The clinician should choose
a muscle with a 4/5 strength, according to
the medical research council (MRC), while
a muscle with MRC grade 3/5 is often too
severely affected (1, 3). Both magnetic
resonance imaging (4, 5) and muscular ul-
trasound (6, 7) may be useful to help select
the biopsy site.

Usually, when weakness distribution is
proximal, the most frequently biopsied
muscles are the quadriceps in the leg and
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the deltoid in the arm. In the upper arm the
biopsy of the more proximal muscle (del-
toid) seems to be more useful than that of
the biceps in identifying possible altera-
tions (3). If the weakness is mainly distal,
a more distal limb muscle may be selected
(3). The main advantage in trying to limit
the biopsies to specific muscles, is that the
pathologist needs to be familiar with their
normal pattern and with possible changes
related to the age of the patient.

Muscle biopsy is normally performed with
local anaesthesia, and may be performed
with a needle technique, even though
some authors strongly suggest perform-
ing open biopsies, as they provide a larger
sample and enable direct inspection of the
muscle, allowing a more precise collection
of muscular tissue (8). All histological,
histochemical and immunohistochemical
studies are performed on frozen material
since fixation and wax-embedding distort
the fibre architecture. In addition, meta-
bolic and enzyme studies are not possible
on this kind of material. If the specimens
have to be transported to other sites for
analysis, they can be wrapped in a saline-
moistened gauze for 1-2 hours to prevent
drying (9).

The complications of open and needle mus-
cular biopsy are usually mild (8); the most
common complication observed is limited
damage to a dermal nerve branch.

YI0
|

Not all pathology laboratories can provide
good quality in the analysis of muscle his-
tology. Due to the complexity of the analy-
sis, we strongly suggest referring to major
academic centres with highly specialized
equipment and substantial experience in

muscular disorders (1, 10).

Usually, muscular biopsy specimens are

subdivided in (10):

1) a portion fixed in buffered formalin (for
standard haematoxylin-eosin histologi-
cal analysis);

2) a portion frozen in a controlled manner
for histochemical and immunoenzy-
matic stainings;

3) one or more pieces frozen in liquid

nitrogen for biochemical and genetic

analyses.
Sometimes, a portion may be fixed in gluta-
raldehyde for electron microscopic analysis.
The most used histological and histochem-
ical methods used for routine analysis of
muscle biopsy in rheumatic diseases in-
clude the following.

Histological

1) Haematoxylin-eosin (H&E) stain is
used to identify the general structure
of the muscle, fibre size, nuclear cen-
tralization, inflammation, nerves, blood
vessels (11). Normal muscles show sev-
eral fascicles separated from each other
by perimysium. Muscular fibres are
uniform in size and shape, with nuclei
located at the periphery of the individu-
al muscle cells (12).

2) Gomori trichrome: to identify rimmed
vacuoles, mitochondria and to identify
type 1-2 fibres (11).

3) Oil red or Sudan Black stains: to iden-
tify intracellular and extracellular lipids
(1). In normal muscles intracellular li-
pids are uniformly distributed through-
out the intermyofibrillar network (12).

4) Periodic acid-Schiff (PAS): to identify
fibres with excess or loss of glycogen
(1). In normal muscle glycogen is uni-
formly distributed in the myofibres (12).

Immunoenzymatic (oxidative enzymes)

1) Reduced nicotinamide adenine dinu-
cleotide-tetrazolium reductase (NADH-
TR): to identify pattern-type of the fi-
bres and distribution of mitochondria
(11). Type 1 myofibres are darker than
type 2. NADH is particularly localized
in the mitochondria and should be dis-
tributed uniformly throughout the sar-
coplasm.

2) Succinic Dehydrogenase (SDH): to
identify pattern-type of the fibres and
fibres with abnormal mitochondria and
the connective tissue (11).

3) Cytochrome c oxidase (COX): to iden-
tify differences in mitochondrial num-
ber and their distribution in different
fibre types. It may also identify fibres
with reduced activity (11).
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4) Myosin ATPase: to highlight distribu-
tion and involvement of fibre types and
their subtypes (11, 12).

5) Other useful histoenzymatic stain meth-
ods include phosphorylase (to allow
differential diagnosis with other myopa-
thies) and alkaline phosphatase that may
identify alterations in blood vessels in
some inflammatory myopathies (11).

Immunohistochemistry

Over the last years immunohistochemistry
has gained an essential role in the histolog-
ical evaluation of muscular biopsies, and is
now routinely performed. In the evaluation
of rheumatic diseases, the most commonly
used antibodies are targeted to major histo-
compatibility complex (MHC) class I (13),
complementary membrane attack complex
(MAC) (14, 15), and to specific cell differ-
entiation markers, such as CD4, CD8, CD3
for T-cells, and CD20 for B-cells (16).

Electronic microscopy

EM is not a routine procedure in muscular
pathology as it is costly, time consuming
and requires a specialized laboratory; only
in selected circumstances it may be useful
in determining a specific diagnosis (17).
For example, if there is a strong suspicion
of dermatomyositis and the biopsy shows
a normal muscle in all light traditional
microscopic studies, EM may identify the
presence of microtubular inclusions in en-
dothelial cells (18). EM is useful to char-
acterize the abnormalities seen at the light
level, and can be used to identify inclusions
and/or changes in each organelle (19).

The aspects that should be evaluated in the
analysis of a muscular biopsy are reported
in Table I (20). With isolated exceptions,
such as for example the perifascicular at-
rophy in dermatomyositis, no findings in
a muscle biopsy are pathognomonic for a
specific diagnosis and the histopathologi-
cal picture must be evaluated as a whole.

Rheumatic diseases presenting with
muscular involvement

Several rheumatologic diseases may pre-
sent with muscular involvement. Further-
more, some drugs frequently prescribed in

REVIEW

Table I - Elements to analyse in a muscle biopsy.

Shape, diameter and size of fibres
Areas of necrosis

Nuclear position (>3% of nuclear centralization (129))
Presence of inflammatory cells

Normal/increased connective tissue
Presence/absence of adipose tissue

rheumatology, may be responsible for mus-
cular symptoms. The most common causes
of muscular involvement in rheumatology
practice are reported in Table II; in some of
these conditions muscular biopsy may be
helpful to clarify the diagnosis.

NATC

Idiopathic inflammatory myopathies (IIM)
constitute a heterogeneous group of suba-
cute, chronic or sometimes acute acquired
muscle diseases, which have in common
the presence of moderate to severe muscle
weakness and inflammation on muscle bi-
opsy (21, 22).

Inflammatory myopathies are classified
on the basis of distinct clinicopathological
features in four subtypes: dermatomyositis
(DM), polymyositis (PM), necrotizing au-
toimmune myositis (NAM), and inclusion-
body myositis IBM) (23).

Table Il - Rheumatic conditions associated with
myositis/myopathy.

Connective tissue diseases

Idiopathic inflammatory myopathies
Polymyositis (PM)

Dermatomyositis (DM)

Necrotizing autoimmune myopathy (NAM)
Inclusion body myositis (IBM)

Primary Sjégren’s Syndrome (pSS)
Systemic Sclerosis (SSc)

Systemic Lupus Erythematosus (SLE)
Mixed connective tissue disease (MCTD)

Vasculitis

Behcet’s disease

ANCA Associated vasculitis

Eosinophilic granulomatosis with polyangiitis (EGPA)
Microscopic polyangiitis (MP)

Granulomatosis with polyangiitis (GPA)

Polyarteritis Nodosa (PAN)
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These disorders have primarily an autoim-
mune pathogenesis, mediated by cytotoxic
T cells, as in PM and IBM, by a comple-
ment-mediated microangiopathy in DM,
or by macrophage and autoantibodies in
NAM (24).

The histological features of this group
of disease are characterized by the pres-
ence of inflammatory cell infiltrates with
various degrees of degenerative changes
in the muscle fibres. Detection of lym-
phocyte cells is an important diagnostic
criterion. MHC-I can be detected by im-
munohistochemistry in the sarcolemma of
muscle fibres. However, the absence of in-
flammatory infiltrates in a biopsy does not
exclude an inflammatory myopathy (for
example acute dermatomyositis in child-
hood) (22).

Dermatomyositis

DM can occur in both children and adults.
Symptoms include distinct skin manifesta-
tions accompanying or preceding proximal
symmetric muscle weakness. DM may be
limited to the skin (amyopathic DM) when
the patient’s strength appears normal, al-
though subclinical muscle involvement is
frequent (25).

Biopsy: The primary antigenic target in
DM is the vascular endothelium of the
endomysial capillaries; an early feature
that can be seen in DM is a depletion of
capillaries. The histological changes are
complement-mediated by the activation of
the membrane attack complex (MAC), and
consist of necrosis of capillaries, perivas-
cular inflammation and ischemic muscle
fibre damage. Finally, there is a marked
reduction in the number of capillaries per
muscle fibres with compensatory dilatation
of the lumen of the remaining capillaries
(24, 26).

In DM the infiltrate cells are predominantly
perivascular and perimysial, although in
some cases they may be endomysial, with
a high number of B cells and CD4+ cells in
the perivascular regions and plasmacytoid
dendritic cells in the perifascicular regions
(27-29). In the perifascicular regions we
can also find regenerating and degenerat-
ing fibres (26, 30).

Perifascicular atrophy, often seen with
perivascular and interfascicular infiltrates,
is diagnostic of DM (30) and may probably
be the consequence of the related hypoper-
fusion in the perifascicular fibres (26). The
muscle fibres undergo necrosis and phago-
cytosis owing to microinfarcts that lead to
hypoperfusion and perifascicular atrophy
(21, 31).

With immunohistochemistry, blood ves-
sels in DM show deposits of immune com-
plexes and the terminal component of the
complement pathway, the MAC. Comple-
mentary, immune complexes, [gG and [gM
are also seen in necrotic fibres; the muscle
fibres in the perifascicular or other random
regions can express MHC-I at the surface
(13, 32).

Furthermore, overexpression of myxovi-
rus resistance protein A (MxA), one of
type 1 interferon-inducible proteins, was
observed on biopsied muscle specimens
of DM patients in a preferentially perifas-
cicular distribution, but sometimes also
diffusely (33). MxA expression in the my-
ofiber cytoplasm may have a higher sensi-
tivity for the diagnosis of DM compared to
perifascicular atrophy (34), because some
muscle biopsy specimens do not always
include perifascicular atrophy, since this
latter distributed in a patchy manner (35).

Polymyositis

Polymyositis (PM) is characterized by sub-
acute onset of proximal symmetric weak-
ness in adults. PM remains a diagnosis of
exclusion, when other causes have been
ruled out (30).

The inflammation is perivascular and is
most typically concentrated in multiple
foci within the endomysium; it consists
predominantly of CD8+ T cells (23). Typi-
cally, lymphocytic infiltrates surround and
invade healthy muscle fibres expressing
MHC class I antigens (21). In chronic stag-
es the connective tissue is increased (36).
The application of immunohistochemistry
for the localization of MCH class I anti-
gens is extremely important in the study of
IIMs. In a normal muscle MCH class I anti-
gens can be detected only on blood vessels,
but in all inflammatory myopathies there
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is a significant expression on the sarco-
lemma and internally in several fibres, and
is probably induced by cytokines secreted
by activated T cells (37, 38). In PM and
IBM CD8+ cytotoxic T cells surround and
invade healthy-appearing, non-necrotic
muscle fibres that aberrantly express MHC
class I. The CD8-MHC class I complex is
characteristic of polymyositis and inclu-
sion body myositis, and its detection is
useful in confirming histological diagnosis.
Perifascicular necrosis (necrosis and re-
generating fibres mainly located in the pe-
riphery of the muscle fascicle) and perimy-
sial connective tissue fragmentation may
be a distinctive hallmark of antisynthetase
syndrome (34).

Inclusion body myositis

IBM is distinguished from PM and DM by
a more insidious onset, higher incidence in
people over 50 years, and a different pat-
tern of muscular weakness with early in-
volvement of distal muscles (31).

Biopsy: there is an important degenerative
component, highlighted by the presence of
congophilic amyloid deposits within some
fibres (39, 40); the size of the fibre is vari-
able, with both atrophy and hypertrophy,
and no perifascicular atrophy. There is of-
ten an increase in internal nuclei and in en-
domysial connective tissue. Necrosis, with
invasion of the fibres by phagocytes and
regeneration fibres, is common (29). The
typical feature is the presence in muscular
fibres of cytoplasmic bodies, autophagic
vacuoles, rimmed by basophilic granules
that may be evident also with Gomori tri-
chrome stain, and congophilic amyloid de-
posits (30).

The extent of the inflammatory response
is variable; IBM has all the inflammatory
features of polymyositis as perivascular in-
flammation and the CD8-MHC complex.
CD8+ cytotoxic T cells that surround and
invade healthy-appearing, non-necrotic
muscle fibres that aberrantly express MHC
class I, are identifiable by immunohisto-
chemistry, as in PM (13).

A large number of proteins have been as-
sociated with the vacuoles, including beta-
amyloid, ubiquitin, apolipoprotein E, phos-
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phorylated tau. Because many of these are
also found in Alzheimer’s disease, authors
suggest that an important degenerative pro-
cess may be involved in IBM pathogen-
esis (23, 29, 41). In particular, antibodies
to phosphorylated tau protein detected by
immunohistochemistry, may identify posi-
tivity for SMI-310 that seems specific for
sporadic IBM in contrast to SMI-31, which
may be positive in hereditary IBM (42).

Necrotizing autoimmune myositis
Necrotising autoimmune myositis (NAM)
is a distinct clinical-pathological entity
that occurs more frequently than polymy-
ositis, accounting for up to 19% of all in-
flammatory myopathies (43). It can occur
at any age, but is seen primarily in adults;
most patients have antibodies against sig-
nal recognition particle (SRP) or against
3-hydroxy-3-methylglutaryl-coenzyme
A reductase (HMGCR) (23). NAM has a
acute or subacute onset, with very high cre-
atine kinase levels (>1000), causing severe
generalised weakness, including neck and
respiratory muscles, and interstitial lung
disease in patients with anti-SRP antibod-
ies (44, 45).

NAM occurs alone or after viral infections,
in association with cancer, in patients with
connective tissue disorders, or in patients
taking statins, in whom the myopathy con-
tinues to worsen after statin withdrawal
(23, 406).

Biopsy: there are significant necrotic and re-
generation muscle fibres with minimal or no
inflammatory cell infiltration (47). Histolog-
ical features in NAM are abundant necrotic
fibres invaded or surrounded by macrophag-
es, such as the main effector cells. Lympho-
cytic infiltrates are sparse and MHC class [
up-regulation is often prominent beyond the
necrotic fibres. Deposition of complement
can be found on capillaries (23).

Systemic lupus erythematosus
Muscle manifestations have been often
reported in patients with Systemic Lupus
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Erythematosus (SLE); they are mainly rep-
resented by myositis and histopathological
evidence has been reported in up to 47%
of patients with muscle symptoms (48).
The main histopathological feature is rep-
resented by perivascular and perimysial
inflammatory infiltrates, mainly composed
by mononuclear cells. Endomysial involve-
ment has been reported less frequently,
without invasion of non-necrotic muscle
fibres (48, 49). Sarcoplasmic vacuoles may
be present, but without PAS positivity (48)
and some patients may present vasculitic
lesions (49). A predominance of type 1
myofibres may be present as well as type 2
fibre atrophy (48).

In patients with SLE, an immunoglobulin
deposition in the sarcolemma, blood ves-
sel walls, or within the fibres themselves
may occur in about 30-40% of cases (49,
50) but not necessarily associated with a
myositis (50).

Necrotizing autoimmune myopathy with
rhabdomyolysis, inflammatory infiltrates
and macrophages and necrotic muscle fi-
bres in absence of vasculitis, has been also
reported in SLE patients (51).

Mixed connective tissue disease

Muscular involvement is common in pa-
tients with Mixed Connective Tissue Dis-
ease (MCTD) (52) and it has also been
described in earlier reports of the disease
(53). MCTD patients may present myal-
gias, weakness and elevated muscle en-
zymes. Muscular biopsy in patients with
MCTD may predominantly show perivas-
cular lymphocytic infiltrates (54, 55), but
perimysial (56) or endomysial infiltrates
(54) have also been described. Thus, lym-
phocytic infiltrates distribution in MCTD
are peculiar and share features of both DM
and PM (57). In some patients a lympho-
cytic vasculitis, without vessel necrosis
or fibrinoid change, may be present (54).
Moreover, vascular necrosis and perifas-
cicular atrophy may be present (54, 57).
Histochemistry may show a predominance
of type I fibres (54), while direct immu-
nofluorescence often may show immuno-
globulin (IgM and/or IgG) deposition that
may be present in three different patterns:
vascular, sarcolemma-basement membrane

and fibre pattern (54). Membrane attack
complex deposition and HLA class I and
II positivity have been described in MCTD
patients (52, 57).

Systemic sclerosis

The prevalence of myopathy in Systemic
Sclerosis (SSc) patients varies from 5 to
96% in medical literature (58) and the se-
verity of muscular disease is strictly asso-
ciated with the disability (59). Histopatho-
logical categories include nonspecific my-
ositis, necrotizing myopathy, DM, fibrosis
only, and PM (60).

The histological findings of muscle biopsies
in SSc patients are non-specific and are vir-
tually indistinguishable from the findings in
PM/DM patients (61). In the majority of pa-
tients, the muscular involvement is charac-
terized by the prevalence of necrotic muscle
fibres, muscle inflammation, fibrosis in the
perimysium and epimysium, and muscular
atrophy (60, 62-64). MHC class I expression
is reported in more than half of the patients
(60, 62). The muscle infiltrates are predomi-
nantly characterized by CD8-positive T
cells, in particular in muscles with necrot-
ic fibres (60) and in the perimysium (16),
while CD-4 and CD-3 positive cells are less
represented (60). In patients with SSc a high
number of atrophic fibres staining positive
for esterase has been reported; this may rep-
resent a peculiar characteristic of patients
with SSc that may help to differentiate SSc
myopathy from other autoimmune myositis
(58). In patients with SSc-PM overlap the
number of necrotic muscle fibres is higher
compared to PM patients, but the presence
of lymphocytic infiltrates, fibrosis and MHC
class I positivity are similar to PM (62). In
SSc patients an IBM-like disease has rarely
been reported (65).

Primary Sjogren’s syndrome

Patients with primary Sjogren’s Syndrome
(PSS) often complain the presence of my-
algias, and a large number of pSS patients,
although asymptomatic, may present histo-
pathological evidence of myositis (66, 67).
A recent large retrospective study reported
that 2.24% of pSS patients presented clini-
cally relevant muscular symptoms (68).



Histopathology of the muscle in rheumatic diseases

Muscular morphology in pSS patients may
be normal or nearly normal in 20-30% of
patients (68, 69); however, the most com-
mon abnormal finding is muscular inflam-
mation in 46-72% of patients (68, 69). In-
flammatory infiltrates are mainly identified
in the perivascular area with a DM-like
aspect (67, 69), but can also be found in
endomysial and perimysial areas (68, 69).
Moreover, muscular fibre necrosis and
endomysial infiltrates (CD3/CD8+) have
also been reported, suggesting a PM-like
pattern (68). Anecdotally, a peculiar histo-
logical pattern has been reported in pSS pa-
tients, with germinal centre-like structures,
resembling the histological abnormalities
that usually occur in salivary glands (70).
Immunohistochemical staining may show
a decreased COX positivity (68). MHC
class I positivity and pathological expres-
sion of MAC were respectively reported in
50% and 75% of the biopsies (69).

In pSS patients a clinical (71) and genetic
(72) association with IBM has been report-
ed, and in some muscular biopsies the pres-
ence of rimmed vacuoles, suggesting IBM-
like pattern, has been identified (68, 69).

Rheumatoid arthritis

Muscular involvement in patients with
Rheumatoid Arthritis (RA) has been often
reported, and although it may be predomi-
nantly related to treatment, impaired joint
flexibility, or sedentary lifestyle (73), it can
occasionally present as a definite clinical
subset defined as rheumatoid myositis (74).
Histological abnormalities in muscular
biopsy are common in RA patients, even
if clinically asymptomatic for muscular
disease (74). Although type 1II fibre atro-
phy is the most common abnormality (73,
74), muscle fibre necrosis has also been
reported in about 40% of patients (74).
Moreover, interstitial mononuclear cell
infiltrates have been reported (74), particu-
larly perivascular B- or T-cell inflamma-
tory infiltrates (73). Endomysial PM-like
inflammation has also been reported, with
lymphocytes and macrophages invading
non necrotic muscle fibres (73). Indirect
immunofluorescence may identify a mild
IgG positivity in the muscle, while some
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patients with rheumatoid myositis may
present a moderate or marked IgG positiv-
ity in the sarcolemmal membrane (74).

Systemic vasculitis

In systemic vasculitis, an alteration of mus-
cular perfusion and/or vasculitis (with vas-
cular and perivascular infiltrates) may oc-
cur. Moreover, endothelial damage due to
vasculitis may produce reduced microcir-
culation with muscle hypoperfusion (75).
Some cases of systemic vasculitis may pre-
sent with muscular involvement.

Behget’s disease

Muscle involvement is rarely associated
with Behget’s disease (BD). The most com-
mon muscle manifestation is myositis (75,
76). Although imaging may be helpful in
identifying muscular alteration in BD (77),
histopathology is crucial for differential
diagnosis. In BD it is usually represented
by focal skeletal muscle involvement, (75,
78) but orbital involvement has also been
described (79, 80).

The muscular biopsy in BD samples typi-
cally exhibits perivasculitis (81, 82) or
necrotizing vasculitis (83), with muscular
inflammation presenting as myositis and
necrotic foci (76, 81, 84, 85), sometimes
with a nodular aspect (84). The cellular in-
filtrates may be characterized prominently
by the presence of granulocytes and mono-
cytes or lymphocytes and monocytes (76).
Muscular involvement in BD may some-
times present as muscular atrophy, with
histopathological finding of glycogen par-
ticles with EM (86), and alteration of nor-
mal muscular architecture.

ANCA-associated vasculitis

Although myalgia is a common feature
in patients with Anca-Associated Vascu-
litis (AAV), typical myositic presentation
with muscle weakness is uncommon (87,
88). However, muscular involvement may
be present in a large group of patients and
may be useful in confirming the diagnosis
of vasculitis (2).

In patients with eosinophilic granulomato-
sis with polyangiitis (EGPA), the presence
of typical myositis is uncommon and is de-
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scribed only in a few case reports. In these
cases, necrotizing vasculitis with eosino-
philic infiltrates in perimysial blood vessels
associated with aspecific myopathic signs,
was observed (89-91). Several authors
have also reported massive eosinophilic
infiltrates (91), while eosinophilic giant
cells and extravascular granulomas may be
present (89). Some authors have described
histopathological patterns very similar to
classic polymyositis (92). By immunohis-
tochemistry, MHC-1 may be overexpressed
(89). Orbital muscle involvement may be
present as the only manifestation (90, 93).
Microscopic polyangiitis may present with
myositis, while muscle histopathology
may show association with small-vessel
vasculitis (94-97), which may be linked to
ischemic infarct-like necrotic changes (95,
97); granuloma may not be present (94).
In Granulomatosis with polyangiitis
(GPA), sporadic cases of peripheral (98)
and ocular (99) muscular involvement have
been reported.

Polyarteritis nodosa

Muscle involvement is not uncommon
in Polyarteritis nodosa (PAN) and clini-
cal aspects include myalgia and muscle
weakness (100) that may be similar to PM
(101). In some patients, skeletal muscle
involvement may represent the only clini-
cally evident manifestation of the disease
(102, 103), and in asymptomatic patients
histology may help in identifying muscular
alterations consistent with the diagnosis of
PAN (104).

Typical alterations found in PAN are usually
represented by vascular segmental inflam-
matory lesions with lymphocytes, mainly
CD4+ cells (105), macrophages and neu-
trophil infiltrates (106). Vessels may present
fibrinoid necrosis with a predominance of
neutrophil infiltrates (105, 106), while in
later stages of the disease cellular infiltrates
are usually composed of lymphocytes and
macrophages. Neoangiogenesis, vascular
remodelling with intimal hyperplasia, fi-
brotic changes within the vessel wall and
microaneurysms are also characteristic in
advanced stages (105, 106). Muscle fibres
may present a marked variation of their di-

ameters with both atrophic, hypertrophic
and necrotic fibres (107).

Several drugs usually prescribed in rheuma-
tological clinical practice may cause myo-
pathies with nonspecific clinical symptoms,
including asthenia, fatigue, muscular weak-
ness, elevated muscle necrosis enzymes and,
sometimes, thabdomyolysis (10).

Steroids are often used in the treatment of
rheumatic diseases and a differential diag-
nosis between IIMs and steroid myopathy
may be difficult (108). Steroids are classi-
cally associated with chronic myopathies,
and chronic exposure to this drug may in-
duce mild and slowly progressive muscle
weakness, occasionally leading to an acute
form that may be present with severe and
generalized muscle weakness, sometimes
with flaccid paralysis (10, 109, 110). The
histopathology of the chronic form shows
type IIb fibre atrophy without inflammation
or fibre necrosis associated with a varia-
tion in fibre size and nuclear centralization
(111); in acute myopathy type [ myofibre at-
rophy and fibres necrosis may be present, in
addition to type II fibres atrophy (109, 110).
Chloroquine and, rarely, hydroxychloro-
quine, may be associated with myopathy
with proximal muscle weakness without
myalgia (10); the mechanism is still un-
known, but it is probably related to the ac-
cumulation of the drug in lysosomes, and
may also include impaired autophagy (112,
113). Muscle biopsy reveals vacuoles in up
to 50% of the myofibres, particularly in type
I fibres (114), and neurogenic muscle atro-
phy with angulated atrophic fibres and fibre
type grouping may be present (10). Acid
phosphatase stain may reveal increased lys-
osomal enzyme activity (115, 116).

A prolonged use of colchicines can cause
myopathy with progressive proximal mus-
cle weakness, myalgia and CK elevation.
Similar to chloroquine and hydroxychlo-
roquine toxicity, muscle biopsy can show
vacuoles particularly in type 1 fibres on
H&E stain (117). The vacuoles are of dif-
ferent sizes, and may be empty or contain
granular basophilic material (117).
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Cyclosporine may be a rare cause of myo-
pathy characterized by muscle pain and
weakness (118). In the few cases described,
muscle biopsy showed atrophic fibres, seg-
mental necrosis with accumulation of sub-
sarcolemmal mitochondria and increased
amounts of glycogen (119, 120). EM may
identify lipid vacuoles and increased lyso-
somal activity.

D-Penicillamine may cause inflammatory
myopathy with clinical and histological
characteristics similar to idiopathic PM/
DM (121). Moreover, D-penicillamine
may be associated with myasthenia gravis;
muscular biopsy in these patients may
show fibre atrophy, lymphoid aggregates
and COX-negative fibres (10).

Statins, lipid lowering drugs inhibiting the
3-hydroxy-3-methylglutaryl-CoA-reduc-
tase (HMGCR), are commonly associated
with muscular symptoms (122, 123). Statin
treatment is associated with the following
muscular manifestations (124): myalgia,
myositis and rhabdomyolysis (with marked
CK elevation and possible association with
myoglobinuria). Some patients may de-
velop an immune-mediated disease, often
associated with antiHMG-CoA reductase
autoantibodies (125), that may require im-
munosuppressive treatment (126).

In statin-induced necrotizing myopathy,
muscle biopsy usually identifies a ne-
crotizing myopathy with necrosis of mus-
cle fibres and macrophages infiltrates and
myophagocytosis (44), and type II fibre
atrophy may be frequently present (127).
Typical aspects of mitochondrial dysfunc-
tion have been described in some patients,
and are reversible with the suspension of
the drug (128). MHC class I positivity has
been identified in about 50% of patients
with HBGCR autoantibodies (125), but
sarcolemmal positivity seems to be specific
to statin-induced myositis (44).

Muscular damage is frequent in connective
tissue diseases and vasculitis. An appro-
priate diagnostic workup should include
an accurate anamnesis, with laboratory
and instrumental investigations. Muscular

REVIEW

biopsies are very complex and expensive
histopathological procedures, but they may
represent an irreplaceable diagnostic tool
to guide the diagnosis in muscular diseases.
Sometimes, despite extensive analysis, it is
not possible to identify a specific cause of
the muscle alteration: in these cases, close
collaboration between an expert muscle
pathologist and the clinical team is manda-
tory to formulate a correct diagnosis.
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