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Abstract
Objective
To describe the features of a new, pathologically distinctive, acquired myopathy with an unusual
pattern of scattered necrotic muscle fibers that are neighbored, surrounded, or invaded, by
large, often multinucleated, histiocytic cells.

Methods
Retrospective review of records and muscle pathology of 4 patients.

Results
Clinical features common to our patients included muscle pain and proximal, symmetric,
moderate to severe, weakness in the arms and legs progressing over 1–4 weeks. Patients had
other associated systemic disorders, including anemia in all, and hemophagocytic lymphohis-
tiocytosis, hepatic disease, Raynaud phenomenon, metastatic cancer, and cardiomyopathy, in 1
patient each. Serum creatine kinase (CK) levels at presentation were very high, ranging from
10,000 to 102,000 U/L. Three patients improved within 3 months after treatment. Muscle
pathology included scattered necrotic muscle fibers with cytoplasm that stained for C5b-9

complement, especially around fiber peripheries, pale on nicotinamide adenine dinucleotide
and often dark on hematoxylin & eosin. Large, often multinucleated, cells with features of
histiocytes, including anatomical features on electron microscopy and immunostaining for
major histocompatibility complex Class I and histiocyte markers (HAM56, CD68, CD163, and
S100), were usually closely apposed to the surface of, or invaded, necrotic myofibers.

Conclusions
Patients with large-histiocyte-associated myopathy (LHIM) had a subacute onset of proximal
predominant weakness, associated systemic disorders, very high serumCK, and a pathologically
distinctive pattern of large histiocyte-associated muscle fiber necrosis. LHIM may be caused by
an autoimmune, histiocyte-mediated attack directed against muscle fibers.
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Acquired immune and inflammatory myopathies (IIM) are
a heterogeneous group of disorders.1,2 Myopathologic fea-
tures, including patterns of cellular and humoral immune
features, and types of pathology in muscle fibers, connective
tissues, and vessels, can be used to characterize IIM.3–7 It has
been proposed that one pathologic category of IIM may be
“necrotic myopathies.” 2,3,8,9 However, histochemical identi-
fication of necrosis can be imprecise, often resting on sub-
jective observations of pale muscle fiber cytoplasm on
hematoxylin & eosin (H&E) or Gomori trichrome tinctorial
stains, changes that may also result from processing artefact.
Pathologic features that may be more specific and sensitive
for necrosis include a loss of myofiber oxidative enzyme
staining, especially well-observed as reduced nicotinamide
adenine dinucleotide (NADH) staining,9 and staining of
muscle fiber cytoplasm for the complement membrane
attack complex (C5b-9 complement).10,11 In the process of
reviewing muscle biopsies using these stains, we identified
4 patients with acquired myopathies who had muscle bi-
opsies with an unusual pattern of muscle fiber necrosis.
Necrotic muscle fibers were progressively replaced by in-
dividual, or clusters of, unusual, large histiocytic cells with
large, sometimes multiple, nuclei and abundant cytoplasm.
Damage was selective to muscle fibers. Connective tissue
and vessels were unremarkable. No foci of lymphocyte in-
flammation were observed. We describe the clinical and
laboratory features of our 4 patients with this distinctive
myopathologic syndrome of large-histiocyte-related im-
mune myopathy (LHIM).

Methods
Patient selection criteria
Our neuromuscular pathology database at Washington Uni-
versity School of Medicine in St. Louis included 15,015
muscle biopsies that were initially evaluated between 1996
and 2016, of which 2,199 were interpreted as having possible
immune or inflammatory myopathies. We identified, and
reviewed, 4 biopsies that had an unusual pattern of scattered
necrotic muscle fibers neighbored, or surrounded, by large
cells with large nuclei and abundant cytoplasm (table 1). This
myopathology pattern differs from most previously described
immune “necrotic” myopathies that have individual muscle
fibers in varying stages of necrosis and regeneration but no
neighboring large cells during early stages of necrosis. Patient
clinical records and biopsy reports were used to obtain clinical
and laboratory data. All 4 patients were evaluated and treated

by the Neuromuscular Service at Washington University
School of Medicine. All procedures were approved by the
human studies committee at Washington University in St.
Louis.

Histochemistry and immunohistochemistry
Cryostat sections from rapidly frozen muscle were stained
using histochemical methods.12–14 Immunohistochemical
stains using antibodies were performed on muscle biopsies
from patients and simultaneously stained controls on the
same glass slide. Primary antibodies were collagen 4 (Milli-
pore [Burlington, MA] AB748; 1:50), C5b-9 complement
(membrane attack complex) (Dako [Glostrup, Denmark]
Mo777; 1:25), class I human major histocompatibility com-
plex (MHC-1) (US Biological, Swampscott, MA), CD68
(Abcam [Cambridge, UK] ab31630; 1:100), HAM56
(MyBiosource [San Diego, CA] 370085; 1:50), CD1a
(Thermo Fisher [Waltham, MA] MA5-12526; 1:200),
CD163 (ABD Serotec [Hercules, CA] MCA 1853; 1:100),
CD207 (Novus Biologicals [Littleton, CO] DDX0361P-100;
1:50), S100 (Abcam ab14849; 1:200), VE1 (Abcam
ab228461 1:100), and Phospho-ERK (Invitrogen [Carlsbad,
CA] 14-9109-80 5 μg/mL). Secondary antibodies were con-
jugated to green or red fluorescent markers (anti-mouse Alexa
Fluor 488; anti-rabbit Alexa Fluor 594 [Invitrogen]).

Electron microscopy
Ultrastructural visualization could be obtained on 3 patients
with available tissue. A piece of each muscle biopsy was fixed
overnight by immersion in 3% glutaraldehyde in Karnovsky
buffer, pH 7.4 at 4°C. Tissue samples were postfixed in
phosphate buffered 2% OsO4, dehydrated in graded con-
centrations of ethanol, and embedded in Embed-812
(Electron Microscopy Sciences, Hatfield, PA), with pro-
pylene oxide as an intermediary solvent. One-micrometer-
thick plastic sections were examined by light microscopy
after staining with toluidine blue. Ultrathin sections of
muscle were cut into mesh or Formvar-coated slot grids,
which permit visualization of entire fascicular cross sec-
tions. Tissues were subsequently stained with uranyl ace-
tate and lead citrate and examined using a JEOL (Tokyo,
Japan) 1,200 electron microscope with an AMT (Woburn,
MA) digital camera.

Data availability
More detailed, anonymized case reports are available to
qualified investigators. Additional images of LHIM myopa-
thology are available on our website.4

Glossary
CK = creatine kinase; EBV = Epstein-Barr virus; H&E = hematoxylin & eosin; HLH = hemophagocytic lymphohistiocytosis;
IIM = immune and inflammatory myopathies; IMAM = inflammatory myopathy with abundant macrophages; IMPP = immune
myopathies with perimysial pathology; LHIM = large-histiocyte-related immune myopathy; MHC-1 = class I human major
histocompatibility complex;NADH = nicotinamide adenine dinucleotide;RIIM = regional ischemic immunemyopathy; SRP =
signal recognition particle.
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Results
Case report
An 18-year-old previously healthy woman (table 1; patient 1)
developed fever, diffuse myalgias, sore throat, and fatigue that
lasted for 2 weeks, remitted spontaneously, and then recurred
3 weeks later. Examination showed scleral icterus, jaundice,
cervical lymphadenopathy, hepatosplenomegaly, and aster-
ixis. Mental status was intact. There was mild bilateral facial
weakness. Other cranial nerves were normal. Diffuse proximal
(2/5) more than distal (4/5), symmetric weakness involved
the neck flexors, arms, and legs with a loss of ability to walk.
Sensation was normal. Tendon reflexes were 1+ to 2+. Lab-
oratory studies showed pancytopenia (white blood cells 1.7,
hemoglobin 10.9, platelets 37,000), bilirubin 13.1 mg/dL,
elevated alkaline phosphatase and transaminases, and positive
Monospot and serum Epstein-Barr virus (EBV) PCR testing.
Serum testing showed a ferritin level of 59,800 and creatine
kinase (CK) of 18,106 U/L. Bone marrow aspiration showed
phagocytic histiocytes without malignant features or bone
marrow hypoplasia, consistent with EBV-associated hemo-
phagocytic lymphohistiocytosis (HLH). Two weeks after
treatment with VP-16, IV methylprednisolone, and G-CSF,
strength improved, she regained ambulation, and serum cre-
atine kinase level fell to 86 U/L. Repeat bone marrow biopsy
was improved with increased myelopoiesis and reduced ery-
throid dysplasia and phagocytic histiocytes.

Clinical features
Three women and 1 man developed muscle pain and weak-
ness with onset at ages ranging from 18 to 52 years (table 1).

All had a subacute onset of myalgias and proximal-greater-
than-distal, symmetric weakness that progressed to moderate
disability over 1–4 weeks. Each patient had other associated
systemic disorders, including anemia in all, and hemophago-
cytic syndrome, subacute cardiomyopathy in the setting of
a Mycoplasma pneumonia infection, Raynaud syndrome, and
metastatic squamous cell carcinoma in 1 each. No patient had
a history of exposure to myotoxins, statins, or a family history
of muscle disease. Serum CK was very high (>10,000) at
presentation in all patients. EMG showed myopathic features
in 2 of the 3 patients tested. Myositis-specific antibody panels,
including HMGCR and signal recognition particle antibodies,
were negative in the 3 patients who were tested. Serum ferritin
was high in patient 1, but normal in the 3 others. Other
anemia-related laboratory tests were normal except for a low
serum vitamin B12 level in patient 3. Three patients (1, 2, and
4) improved to normal strength within 3 months, 1 following
standard of care therapy for HLH, 1 with empiric cortico-
steroids, and 1 with azithromycin. The course of the LHIM
was monophasic in these patients with no relapse during
observed periods from 1 to 3 years after cessation of treat-
ment. Patient 3 died of complications of his metastatic neo-
plasm 7 months after presentation.

Muscle pathology
Muscle fiber pathology (figure 1), mainly necrosis, was scat-
tered without preferential anatomic relation to perimysium or
vessel locations. On NADH stain, necrotic fibers had pale
cytoplasm with loss of internal architecture. H&E, Gomori
trichrome, and Verhoeff–van Gieson stains showed dark, or
normal, intensity of cytoplasm staining more commonly than

Table 1 Clinical and laboratory characteristics of the 4 patients

Patient 1 Patient 2 Patient 3 Patient 4

Age, y 18 37 52 21

Sex F F M F

Prodrome Myalgias Myalgias Myalgias, weight loss Myalgias, weight loss

Progression,
wk

3 to 6 4 3 1

Weakness P > D; A + L; 2/5 symmetric P; A + L; 4/5 symmetric P; A + L; 4/5 symmetric P > D; A + L: 4/5 symmetric

Skin Normal Normal Normal Normal

Systemic EBV IgG, liver disease, HLH,
anemia

Raynaud numbness,
anemia

Squamous cancer, metastatic, anemia,
hypercalcemia

Mycoplasma IgM,
cardiomyopathy, anemia

EMG NA Normal Myopathy Myopathy + fibrillations

Serum CK 18,000 10,522 13,660 102,000

Myositis Ab ND — — —

Outcome Improved Improved Death due to neoplasm Improved

Abbreviations: A + L = weakness in arms and legs; Ab = antibodies; CK = creatine kinase; EBV IgG = immunoglobulin G Epstein-Barr virus antibody present in
serum; HLH = hemophagocytic lymphohistiocytosis; mycoplasma IgM = immunoglobulin M mycoplasma antibody present in serum; ND = not done; P =
proximal weakness; P > D = proximal greater than distal weakness.
Patients with large-histiocyte-related immunemyopathy were adults who had a subacute onset of myalgias, mild tomoderate weakness, anemia, and a very
high serum CK.
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pale staining. C5b-9 stained in the cytoplasm of many necrotic
muscle fibers, either diffusely, the typical pattern for necrosis
in most other disorders, or in a ring around the outside of
muscle fibers (figure 2). Necrotic muscle fibers were fre-
quently neighbored by 1 or several large cells. Some of these
cells had diameters up to 30 μM (normal <10 μM) and were
multinucleated. The cells stained for NADH, acid phospha-
tase, esterase, MHC-1, HAM56, CD68, S100, and CD163
(figures 1–3), but not CD1a or CD207. The pattern of his-
tiocyte staining in LHIM was similar to staining of cells as-
sociated with other types of acute and ongoing muscle fiber
necrosis. Some histiocytic disorders have clonal mutations
involving genes in the MAPK pathway.15 The VE1 antibody,
which selectively stains a mutated BRAF protein (V600E) in
fixed tissue,16 was not helpful in our frozen muscle specimens
as it stained histiocytes identically to HAM56 in normal,
granulomatous, necrotic, and LHIM muscles. In some his-
tiocytoses and other neoplasms, especially with BRAF or
MAP2K1 mutations, phospho-ERK expression is increased in
histiocytes.17 In our patients, phospho-ERK staining was
usually negative in LHIM histiocytes. There was no histiocyte
staining in patients 1 and 2, and fewer than 5% positive his-
tiocytic cells in patients 3 and 4. Phospho-ERK mildly stained
the cytoplasm of most of the necrotic muscle fibers that also
had C5b-9 staining.

Histiocytic cells tended to be larger when associated with
remnants of necrotic muscle fibers having smaller cross-
sectional area (figure 1, A and C). Many of the other necrotic
fibers were not invaded, or replaced, by multiple normal-sized
histiocytic cells, a pattern different from patterns of myofiber

necrosis due to other causes. Toluidine blue–stained plastic
sections showed large macrophage-like cells surrounding and
invading scattered necrotic muscle fibers. Ultrastructural exam-
ination showed that the large cells near myofibers had features of
activated histiocytic cells or macrophages (figure 4). The large
histiocytic cells featured the following: surface membranes that
were wavy and projected thin, irregular pseudopodia; cytoplasm
that contained abundant, variably sized, irregularly shaped
membrane-bound phagocytic vacuoles containing debris and
abundant smooth endoplasmic reticulum andmitochondria; and
nuclei with irregular membranes, markedly larger than endo-
mysial macrophages, and prominent nucleoli. Some of the large
histiocytic cells contained several nuclei. In early stages of pa-
thology, the histiocytic cells inserted long wavy irregular pro-
cesses through the muscle fiber basal lamina and then between
the basal lamina and the sarcolemma. At some sites, neighboring
muscle fiber sarcolemma was damaged or discontinuous. In later
stages of muscle fiber pathology (figure 5), changes typical of
necrosis were observed with the cytoplasm showing loss of
myofibrils and organelles, mitochondria and glycogen being the
last to disappear, and replacement of cytoplasm with amorphous
granular material. MHC-1 was diffusely upregulated by both
histologically normal and abnormal muscle fibers in 3 of the 4
biopsies. Perimysial and endomysial connective tissue and ves-
sels were normal. There were no lymphocyte foci or eosinophils.

Discussion
The pattern of muscle fiber pathology that defined our
patients with LHIM included scattered necrotic muscle fibers

Figure 1 Large-histiocyte-related myofiber necrosis: histochemistry

(A) Large, multinucleated, histiocytic cells (arrow)
have basophilic cytoplasm and are closely ap-
posed to necrotic muscle fibers. The necrotic
muscle fiber has moderately dark, but feature-
less, cytoplasm compared to surrounding intact
myofibers (hematoxylin & eosin stain); bar =
10 μm. (B) Large histiocytic cells have large, var-
iably shaped nuclei, often with pale centers
(Congo red stain); bar = 10 μm. (C) The necrotic
muscle fiber is pale on nicotinamide adenine di-
nucleotide (NADH) stain. Large neighboring his-
tiocytic cells have dark stained cytoplasm
compared to surrounding intact myofibers
(NADH stain); bar = 10 μm. (D, E) Large histiocytic
cells apposed to, and invading, muscle fibers
have characteristics of histiocytic cells with
staining for acid phosphatase (D) (arrow), HAM56
(E), and other histiocytic markers (figures 2 and
3). Bars = 20 μm.
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that were intimately associated with large cells that had his-
tiocytic features (figures 2 and 3). The large LHIM cells were
often multinucleated, and closely associated with, or apposed
to, muscle fibers (figures 1 and 4). The cells had some his-
tochemical features that were similar to regenerating muscle
fibers with their large size, frequent multinucleation, and dark
NADH staining (figure 1C). However, the LHIM cells had
features that identify them as histiocytes, including staining
with multiple histiocyte markers, HAM56, CD68, CD163,
and S100 (figures 2 and 3), and ultrastructural features, with
cytoplasmic vacuoles and surface membrane processes (figure
4). A common feature of the LHIM cells was finger-like
processes that protruded between, and separated, muscle fiber
basal lamina and the sarcolemmal plasma membrane. The
myofiber necrosis in our patients could be related to sarco-
lemmal damage produced by the neighboring histiocytic cells
and their processes.

Myofiber necrosis was ongoing. Individual necrotic muscle
fibers were in different stages of damage with varying degrees
of replacement by large histiocyte-like cells. Some histiocytic
cells were localized near, or outside, the muscle fiber basal
lamina (figure 3A). Other histiocytic cell collections

surrounded muscle fibers but within the basal lamina (figure
3B). Individual necrotic muscle fibers commonly had con-
trasting patterns of histochemical staining of cytoplasm, pale
on NADH but dark and featureless (reduced staining of in-
ternal architecture) on H&E and Gomori trichrome. The
mechanisms underlying dark stained cytoplasm of necrotic
muscle fibers may be related to calcium leakage through
damaged sarcolemma into the sarcoplasm causing loss of
sarcoplasmic reticulum staining or hypercontraction of the
myofibrillar apparatus. Similar dark staining of necrotic
muscle fibers occurs in dystrophinopathies and other dis-
orders with defects in sarcolemmal membranes.18–20

It seems likely that LHIM is an immune disorder, despite the
paucity of lymphocyte foci, based on its subacute onset that
was parainfectious/paraneoplastic in 3 patients; variant-
histiocyte-associated muscle fiber necrosis; MHC-1 upregu-
lation by muscle fibers in most patients; and absence of the
histiocytic neoplasm marker, phospho-ERK, in most LHIM
histiocytes. LHIM can be considered in the context of com-
mon clinical classifications of immune myopathies, which
include polymyositis, dermatomyositis, inclusion body myo-
sitis, and necrotic myopathies.1,2 Polymyositis and inclusion

Figure 2 Histiocytic cells: relationship to C5b-9 stained muscle fiber cytoplasm

(A, B). Histiocytes stained for HAM56 (red), a pan-
histiocyte marker, are present around, and
within, damaged, C5b-9 stained (green) cytoplasm
in the periphery of muscle fibers. Bars = 50 μm
(A) and 20 μm(B). (C) Large histiocytes stained for
HAM56 (red) surround a necrotic muscle fiber
with diffusely C5b-9 stained (green) cytoplasm.
This diffuse pattern of C5b-9 staining of the cyto-
plasm of necrotic muscle fibers is the typical
pattern observed in most necrotic fibers in other
disorders. Bar = 20 μm.
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body myositis are unlikely because no mononuclear cell in-
flammatory foci or inclusion bodies were identified in LHIM
muscles. Dermatomyositis is excluded clinically, as there were
no skin changes, and pathologically as there was no peri-
fascicular predominant pathology in LHIM muscle biopsies,
or evidence of damage to vessels or connective tissue.

Necrotic myopathies (tables 2 and 3) are a possible class
within which LHIM could be included. General categories of
systemic myopathies with abundant necrosis include heredi-
tary, immune, toxic, and vascular (table 2). No features of the
history or muscle pathology of our patients with LHIM sug-
gested hereditary, vascular, or toxic disorders. Immune myo-
pathies with myofiber necrosis but little lymphocyte
inflammation (table 3) include the signal recognition particle
(SRP) antibody-associated myopathy,13 immune myopathies
with perimysial pathology (IMPP),5 and regional ischemic
immune myopathy (RIIM).7 LHIM has abundant muscle fi-
ber necrosis in common with each of these other syndromes
and could be classified as a new type of necrotic myopathy.
However, the classification of myopathies based on the
presence of myofiber necrosis has several problems. One

important issue is that, other than the necrosis, pathologic
features vary markedly among the different immune myo-
pathies with abundant necrosis suggesting that these disease
syndromes have very different underlying pathogenic mech-
anisms (tables 2 and 3). SRP myopathy has prominent
endomysial connective tissue pathology, with proliferation
even early in its course, which is not present in LHIM.13 IMPP
have perimysial connective tissue pathology.5 RIIM is likely
a vascular disorder.7 Neither perimysial connective tissue nor
vessels are damaged in LHIM. Further, patterns of distribu-
tion of necrotic myofibers differ among acquired immune
myopathies with prominent necrosis. RIIM has clusters of
necrotic fibers.7 IMPP has a predominance of necrotic fibers
near the edge of fascicles.5 LHIM, like SRP antibody-related
immune myopathy, has randomly scattered necrotic fibers,13

but the neighboring large histiocytic cells are distinctive to
LHIM, suggesting that cellular, rather than humoral or
structural, mechanisms induce the myofiber necrosis. Overall,
LHIM adds to the disparity of pathologic features in different
immune myopathies with prominent muscle fiber necrosis.
LHIM could be considered a histiocytic immune myopathy3

based on its main type of immune cells. However, LHIM

Figure 3 Histiocytic cells: relation to collagen 4–stained muscle fiber basal lamina

(A) Early pathology: histiocytes stained for S100
(green) are present outside, and over, collagen
4–stained muscle fiber basal lamina (red). Bar =
50 μm. (B) Later pathology: histiocytes stained
for S100 (green) are present inside the collagen
4–stained muscle fiber basal lamina (red), and
within areas occupied by muscle fibers, but not
within the central regions of these areas. Bar =
50 μm. (C) Histiocytes stained for CD68 (green)
are present around collagen 4–stained muscle
fiber basal lamina (red). Bar = 20 μm. (D) Histio-
cyte stained for CD163 (green) (arrow) extends
through the collagen 4–stained muscle fiber
basal lamina (red). Bar = 20 μm. (E) Large histio-
cytes stained for CD163 (green) inside the colla-
gen 4–stained muscle fiber basal lamina (red).
Bar = 20 μm. (F) Large region of 1 or several his-
tiocytes stained for CD163 (green) replacing area
of a muscle fiber inside the collagen 4–stained
muscle fiber basal lamina (red). Bar = 20 μm.
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differs from other syndromes in this group. Although multi-
nucleated large cells were present, granulomatous
myopathy21,22 and inflammatory myopathy with abundant

macrophages (IMAM)23 are both characterized by focal his-
tiocytic cell collections that were not observed in LHIM, ex-
cept associated with necrotic muscle fibers. Further, the
abundant muscle fiber necrosis in our patients with LHIM is
not typical of granulomatous myopathies or IMAM.

Common clinical neuromuscular features in patients with
LHIM included a subacute onset of moderately severe muscle
pain, predominantly proximal, symmetric weakness, a very
high serum CK, and improvement of weakness after treat-
ment. As a group, patients with LHIM have among the highest
serum CKs reported in immune myopathies. At presentation,
some of our patients were initially diagnosed as having

Figure 4 Electron microscopy of large-histiocyte-related
myofiber necrosis: histiocytic cells and processes

Large cells near myofibers have features of activated histiocytes or macro-
phages with the following: surface membranes that are wavy and project
thin, irregular pseudopodia that project between themuscle fiber basement
membrane and surface sarcolemmal membrane; cytoplasm that contains
abundant, variably sized, irregularly shaped membrane-bound phagocytic
vacuoles containing debris, and abundant smooth endoplasmic reticulum
and mitochondria; and nuclei with irregular membranes, markedly larger
size than endomysial macrophages, and prominent nucleoli. Some of large
histiocytic cells contain several nuclei. (A) Large histiocytic cell apposed to,
and invading, a muscle fiber. The histiocyte contains variably sized, and
shaped, membrane-bound cytoplasmic vacuoles and a large nucleus
(compare large histiocyte nucleus at top left to endomysial cell nucleus at
bottom of image). A small region of myofibrillar dissolution neighbors the
histiocytic cell (arrow). Bar = 2 μm. (B) Histiocyte processes between basal
lamina and necrotic muscle fiber cytoplasm. Histiocyte processes (arrow)
are rich in organelles, including smooth endoplasmic reticulum, mitochon-
dria, and vacuoles that are clear or contain granular debris The associated
necrotic muscle fiber has pale, featureless cytoplasm with dissolution of myo-
fibrils and sarcoplasmic organelles. Bar = 100 nm. (C) Histiocytic cell process
(arrow) between basal lamina and muscle fiber surface contains cytoplasmic
vacuoles of varied sizes and irregular shapes. Muscle fiber surface sarcolemma
under histiocyte process is disrupted or irregular. Bar = 100 nm.

Figure 5 Electron microscopy of large-histiocyte-related
myofiber necrosis: muscle fibers and histiocytic
cells

(A) Focal, subsarcolemmal dissolution ofmyofibrils (arrow) in amuscle fiber.
Histiocytic cells are present in the neighboring endomysial connective tis-
sue. Bar = 10 μM. (B) Histiocytic cells surrounding (white arrow), apposed to,
and invading (red arrow) a necrotic muscle fiber (*). The necrotic muscle
fiber has pale cytoplasm and almost complete dissolution of myofibrils and
sarcoplasmic organelles. Non-necrotic muscle fibers are located at the left
side in the image. Bar = 10 μM. (C) Necrotic muscle fiber surrounded by
intact basal lamina. Misoriented sarcomeres with Z-bands (arrow) and gly-
cogen are scattered, and organelles lost, within amorphous granular ma-
terial that has replaced muscle fiber cytoplasm. Bar = 2 μM.
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rhabdomyolysis. Muscle pathology showing an ongoing,
rather than monophasic, process and the distinctive variant
large histiocytic cells adjacent to necrotic muscle fibers dis-
tinguish LHIM from rhabdomyolysis. The myopathy in our
patients was always associated with concurrent systemic dis-
orders and was parainfectious/paraneoplastic in 3 patients.
Anemia was documented during most of the disease course of
all patients. With a full syndrome of HLH having been di-
agnosed in 1 patient, one might speculate that LHIM, with its
atypical histiocytes in muscle, could be a subset of macro-
phage activation syndromes. Myopathies have only rarely

been reported in acquired, systemic HLH or macrophage
activation syndromes.24–27 The pattern of histiocyte staining
in LHIM is the same as that seen in our laboratory for cells
associated with muscle fiber necrosis in other acquired and
hereditary myopathies. The LHIM cells did not stain for
antigens, such as CD1a, CD207, or phospho-ERK, which
would support variants of systemic histiocytoses or
malignancies.15,28,29 Examination of circulating cytokines
could provide information regarding the pathogenesis of
LHIM and its histiocytic cells, which have unusual morphol-
ogy and location.

Table 2 Myopathies with abundant muscle fiber necrosis: comparative pathology

Myopathy: type
Myopathy:
examples

Necrotic muscle fibers

Tissue pathology: other
Distribution in
muscle Course

Fiber
cytoplasm
damage

Hereditary

Sarcolemma disordersa,30,31 Dystrophin, dysferlin Scattered,b

myopathic groupsc
Ongoingd D Lesione or

diffuse
Endomysium: increased

Rhabdomyolysis, metabolic
and membrane disordersf

Phosphorylase; MH:
channel disorders

Scatteredb Monophasicf ±
ongoingd

Diffuse

Toxic

Rhabdomyolysis Statin, acute Scatteredb Monophasicf D Lesione or
diffuse

Immune

IM + perimysial pathology5,12 Synthetase & Jo-1 Ab Perifascicular
predominantg

Ongoingd Diffuse Perimysium: damage

SRP antibody13 Scatteredb Ongoingd Diffuse Endomysium: proliferation

Regional ischemic immune
myopathy7

Paraneoplastic
myopathy

Clusteredh: vessel,
border zone, areas

Ongoingd Diffuse Vessels: veins and
capillaries; connective
tissue

Large histiocyte, immune
myopathy

Scatteredb Ongoingd Peripherali Histiocytes: surround
myofibers

Focal

Toxic32 Injections, venoms Clusteredh Monophasicf Diffuse or D
lesione

Ischemia33 Vascular disease Clusteredh Monophasicf Diffuse Endomysium: edema

Freeze32 Clusteredh Monophasicf

slow recovery
Diffuse Satellite cells: number

reduced

Abbreviations: Ab = antibodies; CK = creatine kinase; MH = malignant hyperthermia; SRP = signal recognition particle; synthetase and Jo-1 Ab = serum
antibodies that bind to tRNA synthetases such as Jo1 (histidyl-tRNA synthetase).
a Hereditary defects inmuscle sarcolemmalmembranes are associated with progressivemyopathies with ongoing necrosis and persistent very high levels of
serum CK.
b Necrotic fibers are randomly distributed.
c Necroticmuscle fibers, in similar stages of necrosis or regeneration, are present in scattered small clusters of 2–20 fiberswith no anatomic relation to vessels
or perimysium.30
d Muscle fibers are in varying stages of necrosis and regeneration.
e D Lesion: Wedge-shaped subsarcolemmal lesions with sparse myofilaments, often associated with defects in overlying plasma membrane, are present in
otherwise non-necrotic muscle fibers.18,19,31
fDisorders of muscle membranes or metabolism can predispose tomonophasic episodes of muscle fiber necrosis with exceptionally high levels of serum CK
(>20,000). Between episodes muscle may be normal, or a few scattered necrotic fibers and a mildly high serum CK may occur.
f Muscle fibers are mostly in a single stage of necrosis.
g Necrotic muscle fibers occur more frequently at the edge of fascicles near the perimysial connective tissue.5,12
h Necrotic fibers neighbor each other and are clustered in large or small groups.7,30
i Many necrotic fibers have predominantly subsarcolemmal damage (figures 2 and 3).
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Limitations of our study include the small number of patients.
LHIM is likely to be an unusual syndrome. Pathologic reex-
amination of disorders previously diagnosed as idiopathic
ongoing necrotic myopathies may lead to identification of
additional patients with LHIM. Our study stained the his-
tiocytes in frozen muscle samples, while standard character-
ization of cells in the histiocytoses is performed in fixed
tissue.15 This study emphasizes the utility of pathologic
analysis of muscle biopsies in characterization and evaluation
of acquired immune and inflammatory myopathies. The tar-
get of the immune process in LHIM appears to be muscle
fibers. However, the molecular nature of the antigenic targets
on muscle fibers is uncertain. In any case, the identification of
LHIM pathology seems to be useful as it characterizes myo-
pathies that may improve or remit after treatment and pre-
dicts systemic features that are associated with the myopathy
syndrome.
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