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Abstract
Objective
To report on a cohort of patients diagnosed with brachio-cervical inflammatory myopathy
(BCIM), with specific focus on muscle MRI and follow-up data.

Methods
Clinical, histopathologic, serologic, and pre- and post-treatment MRI findings of patients
diagnosed with BCIM were retrospectively evaluated.

Results
Six patients, all females with a mean age at onset of 53 years (range 37–62 years), were
identified. Mean diagnostic delay was 17 months, and mean follow-up was 35 months. Most
common clinical features encompassed predominant involvement of neck and proximal upper
limb muscles, followed by distal upper limb, facial, and bulbar muscle weakness with different
severity. Lower limb involvement was rare, although present in severe cases. Muscle biopsies
showed a heterogeneous degree of perivascular and endomysial inflammatory changes.
Myositis-specific antibodies were absent in all patients, whereas all resulted positive for anti-
nuclear antibodies; half of the patients had anti–acetylcholine receptor antibodies without
evidence of muscle fatigability. MRI showed disproportionate involvement of upper girdle and
neck muscles compared with lower limbs, with frequent hyperintensities on short-tau inversion
recovery sequences. Partial clinical and radiologic improvement with steroid and immuno-
suppressant therapy was obtained in most patients, especially in proximal upper limb muscles,
whereas neck weakness persisted.

Conclusion
BCIM is an inflammatory myopathy with a peculiar clinical and radiologic presentation and a
relatively broad spectrum of severity. Long-term follow-up data suggest that appropriate and
early treatment can prevent chronic muscle function impairment. MRI characterization can be
helpful in reducing diagnostic and treatment delay with positive consequence on clinical
outcome.
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Idiopathic inflammatorymyopathies (IIMs) are a heterogeneous
group of acquired, immune-mediated diseases, primarily in-
volving skeletal muscle and classified on specific histopathologic,
clinical, and serologic features.1-4 From a clinical perspective,
IIMs are usually characterized by the symmetrical weakness of
lower limb and, to a lesser extent, proximal upper limb muscles.
Elevated muscle tissue enzymes such as creatine kinase (CK)
and the presence of myositis-specific (MSAs) and myositis-
associated antibodies (MAAs) are key laboratory findings.
Traditionally, IIMs have been classified into 3 main subtypes:
polymyositis (PM), dermatomyositis (DM), and sporadic in-
clusion body myositis. More recently, other subtypes have been
identified by having homogeneous clinical, pathologic, and se-
rologic findings, such as antisynthetase syndrome and immune-
mediated necrotizing myopathy.5,6 Beyond these forms, other
rarer IIMs with peculiar features have been described, brachio-
cervical inflammatory myopathy (BCIM) being one of them.
First reported in 2006,7 BCIM is characterized by prominent
neck and upper limb weakness with a relative sparing of lower
limbs and is frequently associated with other autoimmune fea-
tures, such as the presence of antinuclear (ANAs) or anti–
acetylcholine receptor (AchR) antibodies. For these reasons,
possible differential diagnoses are myasthenia gravis, motor
neuron disease, overlap inflammatory myopathies, or faciosca-
pulohumeral muscular dystrophy (FSHD).

After the first description of this entity, only few other reports
have been published, mostly highlighting the prevalence of the
disease among the female patients and the response to immu-
nosuppressive agents.8-11 MRI, that has been lately used in ge-
netic and inflammatory myopathies for diagnostic purposes,
sometimes providing specific patterns of involvement, and in
follow-up, for the evaluation of disease progression and treatment
response, has not been systematically investigated in BCIM.12,13

Here, we report clinical and instrumental findings of patients
followed at the Fondazione Policlinico Universitario A.
Gemelli IRCCS affected by BCIM focusing on radiologic,
histopathologic, and serologic assessments at baseline and
after long-term follow-up.

Methods
Patients
We reviewed all the medical records of patients with IIM
available at our neuromuscular center from 2006 to 2019 and
selected those with a diagnosis of BCIM. For all patients, the

following clinical information was collected: age, sex, age at
disease onset, disease duration, symptoms at disease onset, dis-
ease course, and comorbidities. Neurologic examination data
were collected, and muscle strength was assessed and graded
according to the Medical Research Council (MRC) score.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the ethics committee of the
Università Cattolica del Sacro Cuore (Rome, Italy; protocol
5098/14), and all patients gave written informed consent.

Laboratory and Instrumental Examinations
CK level and assays for MSA, MAA, ANA, ENA, anti-dsDNA,
and anti-AchR antibodies were performed in all patients. The
following MSAs and MAAs were tested using a commercial
line blot test (Euroimmun AG, Lübeck, Germany): Mi-2 alfa,
Mi-2 beta, TIF1g, MDA5, NXP2, SAE1, Ku, PM-Scl100, PM-
Scl75, Jo-1, SRP, PL-7, PL-12, EJ, and OJ. Anti-HMGCR
antibodies were searched using a commercial ELISA kit
(Inova Diagnostics, Inc., San Diego, CA).

Instrumental examinations included EMG and nerve con-
duction studies (NCSs). Systemic involvement was evaluated
as follows: cardiologic evaluation with echocardiography and
ECG, pneumologic evaluation with spirometry and nocturnal
oximetry, and swallowing assessment through oro-pharyngo-
esophageal scintigraphy (OPES).

Muscle Biopsy
All patients underwent muscle biopsy for diagnostic purposes at
the time of their first evaluation in our center. Muscle biopsies
were processed according to standard procedures, and routine
histologic stains were analyzed.14 Immunofluorescence was
performed on 6-μm-thick sections using FITC-conjugated
phalloidin (Sigma, St. Louis, MO) and the following primary
antibodies: monoclonal anti-human CD4, CD8, CD20, CD68,
and C5b9 antigens (Sigma, St. Louis, MO), and type I and II
HLA (USBiological, Swampscott,MA), dystrophin (N-terminal
and C-terminal from Novocastra/Leica Biosystems, Germany;
rod domain from Merck-Millipore, MA), alpha-sarcoglycan and
gamma-sarcoglycan (Novocastra/Leica Biosystems, Germany),
alpha-dystroglycan (Merck-Millipore, MA), merosin (Merck-
Millipore, MA), and caveolin-3 (BD Biosciences, CA).

MRI Evaluation
Patients underwent upper and lower girdle muscle MRI
according to published protocols15,16 before and after

Glossary
ANA = antinuclear antibody; AchR = acetylcholine receptor; BCIM = brachio-cervical inflammatory myopathy; CK = creatine
kinase; DM = dermatomyositis; FSHD = facioscapulohumeral muscular dystrophy; IIM = idiopathic inflammatory myopathy;
IVIg = IV immunoglobulin; MAA = myositis-associated antibody; MAC = membrane attack complex; MRC = Medical
Research Council; MSA = myositis-specific antibody; NCS = nerve conduction study; OPES = oro-pharyngo-esophageal
scintigraphy; PM = polymyositis; STIR = short-tau inversion recovery; STIR+ = STIR hyperintensity; T1w = T1 weighted.
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immunosuppressive treatment. Pretreatment upper girdle
MRI was not available for patient 6. T1-weighted (T1w)
images were examined to detect fatty infiltration of specific
muscles, and short-tau inversion recovery (STIR) se-
quences were evaluated for the presence or absence of
muscle edema.

Data Availability
Anonymized data will be shared by reasonable request from
any qualified investigator who wants to analyze questions that
are related to the published article.

Results
Patients and Clinical Findings
Six patients of a total of 178 IIMs were identified; all were
females. One of these patients had been previously described.8

Mean age at onset was 53.0 ± 11.4 years (range 37–62 years),
and mean disease duration at diagnosis and treatment start was
16.8 ± 6.5 months (range 9–24 months). Two patients had
Raynaud phenomenon and previous history of autoimmune
disease (scleroderma and Hashimoto thyroiditis, respectively).
Five patients were referred with the clinical suspicion of FSHD,

Table 1 Clinical and Instrumental Findings of Our Cohort

Pt. ID P1 P2 P3 P4 P5 P6

Sex F F F F F F

Age at onset, y 58 59 62 37 62 40

Diagnostic delay
(mo)

9 20 24 24 12 12

Symptom at
onset

Proximal UULL
weakness

Dropped head Proximal UULL weakness Dropped head and
proximal UULL
weakness

Proximal UULL
weakness and
dysphagia

Dropped head

Dropped head Yes Yes Yes Yes Yes Yes

Dysphagiaa Yes (+dysphonia) Yes Yes No Yes (+dysphonia) No

Esophageal
alteration

Pharyngeal and
esophageal alteration

Pharyngeal and
esophageal
alteration

Proximal upper
limb weakness

Yes Yes Yes Yes Yes Yes

Lower limb
weakness

No Yes Yes No No No

Facial weakness Yes (upper and
lower part)

Yes (upper and
lower part)

Yes (upper and lower part) Yes (lower part) Yes (lower part) Yes (lower part)

Scapular winging Present Present Absent Present Absent Absent

Respiratory
involvement

Moderate
obstructive lung
disease
FVC = 50%

None
FVC = 108%

Moderate obstructive
and restrictive lung disease,
FVC = 66%, moderate
MEP > MIP reduction

None Mild MEP > MIP
reduction

Mild restrictive
lung disease

Maximum
CK level

3× 5× 3× 3× 4× 2×

EMG Myopathic MUPs
and fibrillation
potentials

Myopathic MUPs
and fibrillation
potentials

Myopathic MUPs Myopathic MUPs and
fibrillation potentials

Myopathic MUPs Myopathic MUPs
amd fibrillation
potentials

ANA Positive 1:160;
nucleolar pattern

Positive 1:160;
nucleolar pattern

Positive 1:160; nucleolar
pattern

Positive 1:1,280;
nucleolar pattern

Positive 1:320;
nucleolar pattern

Positive 1:80;
nucleolar pattern

MSA/MAAs Negative Negative Negative Negative Negative SS-A, RNP

Anti-AChR
antibodies

Negative Positive Positive NA Positive Negative

Past medical
history

MGUS; glaucoma Hypertension
OSAS

COPD Raynaud
phenomenon and
Hashimoto thyroiditis

None Raynaud
phenomenon and
scleroderma

Abbreviations: AChR = acetylcholine receptor; ANA = antinuclear antibody; CK = creatine kinase; COPD = chronic obstructive pulmonary disease; FVC = forced
vital capacity; MUP = motor unit potential; MAA myositis-associated antibody; MGUS = monoclonal gammopathy of uncertain significance; MSA = myositis-
specific antibody; NA = not assessed; OSAS = obstructive sleep apnea syndrome; UULL = upper limbs.
a Data from OPES.
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not confirmed by molecular testing, and one as PM, previously
treated with low dose of oral prednisone. Most common
symptoms at onset were head drop and difficulty in raising arms.
One patient complained of swallowing difficulties since onset,
later developed by other 3 subjects.

On neurologic examination, neck muscle weakness was pre-
sent in all patients, with neck extensors more involved than
flexors in 5 of 6 patients (MRC grade 1–4), together with
proximal upper limb involvement (MRC 3–4), milder distal
weakness, especially in the wrist and finger extensors, and
facial weakness. Proximal lower limb weakness was clinically
evident in 2 cases (MRC 3–4). Scapular winging was detected
in 3/6 patients. Clinical details of all the subjects are sum-
marized in table 1.

Laboratory and Instrumental Findings
All the patients showed mildly elevated CK levels (2–5 ×
normal values) and resulted positive for ANA test with a
nucleolar pattern. Anti-AChR antibodies were tested in 5
patients and found positive in 3 of them, whereas MSA panel
was unremarkable. All patients underwent molecular testing
for FSHD1 and resulted negative for the presence of a D4Z4
macrosatellite repeat contraction in the subtelomeric region
of chromosome 4q35. Neurophysiologic studies revealed a
myopathic recruitment pattern with fibrillation potentials at
rest on needle EMG in all patients and normal NCS. Re-
petitive nerve stimulation (accessory and/or axillary nerve)
on proximal muscles that were clinically weak was normal in
all patients. Spirometry and nocturnal oximetry evaluation
revealed respiratory involvement in 3 patients: patient 3 had a
moderate mixed obstructive and restrictive lung disease and a
marked reduction of maximal inspiratory pressures, never
requiring assisted ventilation; patient 5 had asymptomatic
mild restrictive lung disease with moderate reduction of
maximal expiratory pressure; patient 2 was diagnosed with
obstructive sleep apnea syndrome. Cardiac evaluation was
performed in all patients, including both cardiac ultrasound
and 24-hour EKG, and was normal in all of them with the
exception of frequent ventricular extrasystoles in patient 2.
OPES was abnormal in 4 patients, showing an alteration in
both pharyngeal and esophageal muscle motility.

All patients underwent chest and abdomen CT, and in-
terstitial lung disease or concurrent malignancies were ex-
cluded at the time of first neurologic assessment.

Muscle Pathology
Biopsies were taken from deltoid muscles (3 patients), vastus
lateralis, and biceps brachii. In patient 2, semimembranosus
muscle was chosen for its STIR-hyperintense signal on muscle
MRI. Muscle pathology features are summarized in table 2. All
samples showed myopathic abnormalities, i.e., increased muscle
fiber size variability and internalization of myonuclei. Mild to
moderate increase of endomysial connective tissue was present
in 4 specimens. All these changes were prominent in patient 3,
with a dystrophic-like appearance. Amoderate amount ofmuscle

fiber necrosis was present in 2 specimens, whereas scattered
necrotic fibers were found in all of them. Only 1 specimen
presented perifascicular atrophy. Immunofluorescence for sar-
colemmal proteins was normal in all samples.

All biopsies showed various degrees of inflammatory changes
(figure 1, A–C). HLA class I was abnormally expressed on the
sarcolemma of most or all the muscle fibers in all samples. In-
flammatory infiltrates or, more often, focal accumulations of
mononuclear cells were found in the endomysium and, less
frequently, in the perimysium in all samples. Perivascular in-
flammation was found in all specimens, particularly relevant in 4
of them. The foci of mononuclear inflammatory cells mainly
consisted of CD20+ lymphocytes and, to a lesser extent, of CD4+

cells (figure 1, D–F). CD68+ macrophages were present both in
necrotic fibers and in perivascular infiltrates. Mild deposition of
membrane attack complex (MAC) in the endomysial connective
tissue was found in 2 specimens. Three samples presented re-
duced number of muscle capillaries, with enlargement in 2 of
them. MAC deposition onmuscle capillaries was present only in
patient 6.

Treatment and Follow-up
All patients were treated with oral prednisone (1 mg/kg/d) as
first-line therapy. In 5 patients, a steroid-sparing immuno-
suppressant was added: azathioprine in 4 patients and
methotrexate in the patient with concomitant scleroderma.
Repeated courses of monthly IV immunoglobulins (IVIgs) at
the dose of 2 g/kg were also administered to 4 patients in the
first year of treatment.

Follow-up of patients ranged from 23 to 159 months, and the
main findings are summarized in table 3. Clinical improve-
ment was obtained in 5/6 patients with complete proximal
upper limb function recovery in 3 cases and amelioration of
shoulder abduction in all cases; on the contrary, neck weak-
ness was found particularly resistant to therapy, with full re-
covery of strength of neck extensors in patients 1 and 4 and of
neck flexors only in 1 patient. Three of 4 patients, who
complained of swallowing difficulties at baseline, reported
subjective improvement after treatment, although OPES was
not significantly modified. Patient 3, despite amelioration of
upper limb and neck weakness, experienced aspiration
pneumonia and died of sepsis 18 months after treatment
initiation and 47 months after onset of symptoms. Patient 6,
after an initial response to treatment, predominantly in
proximal upper limb strength, showed insufficient adherence to
treatment and stopped neurologic follow-up and all medications
after 6 months. She was diagnosed with a medullary carcinoma
of the breast 3 years after onset of symptoms and treated with a
combination of surgery and adjuvant therapy. Muscle weakness
progressed over time, with severe worsening of neck extensor
and upper limb proximal weakness and involvement of axial and
proximal lower limbs. Four years later, she was put on sub-
cutaneous immunoglobulins, with subjectively reported mild
improvement. At the time of the last evaluation, 13 years after
onset, she could walk only for short distances showing a
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waddling gait, head drop, and anterior flexion of the trunk and
had severe limitation in arm abduction (30°), along with pectoral
atrophy, dysphagia, and nasal speech.

Given the presence of anti-AChR antibodies, 2 patients (pa-
tients 3 and 5) started treatment with oral pyridostigmine (up
to 60 mg 3 times a day). Both patients suspended this treat-
ment after 1 month due to the lack of any clinical
improvement.

Muscle MRI
MRI scans of upper girdle and lower limbs were available for 5
patients before and after treatment. Patient 6 underwent only
lower limb MRI pretreatment, that did not show abnormali-
ties both on T1w- and STIR sequences, and a second scan,
also including the upper girdle, was repeated after 13 years. All
patients showed an exclusive or disproportionate involvement
in the upper girdle and neck muscles compared with lower
limbs (figure 2). Neck muscles were the most consistently
involved: mild to moderate fatty changes were found in neck
extensors in all patients, and STIR hyperintensity (STIR+) of
these muscles was also noted in 2 patients. Sternocleido-
mastoid and trapezius muscles were symmetrically hypo-
trophic in all patients, especially in patient 3. Other
muscles, such as pectoralis major, rhomboids, serratus an-
terior, and levator scapulae, were only sporadically and

mildly involved. Trapezius muscles were STIR+ in all pa-
tients, whereas both trapezius and rhomboids were STIR+
in 4 patients (figure 3).

Lower limb muscles were spared in all patients with exception
of patient 3, who showed mild to moderate fatty infiltration of

Table 2 Muscle Pathology

Pt. ID P1 P2 P3 P4 P5 P6

Muscle Deltoid Semimembranosus Vastus lateralis Deltoid Deltoid Biceps brachii

Fiber size variability + ++ +++ + + ++

Increased endomysial connective tissue 0 + ++ + 0 ++

Inflammatory infiltrates

Perimysial ++ + + 0 0 +

Endomysial + ++ + + + ++

Perivascular ++ + ++ ++ + ++

Muscle fiber necrosis 0 ++ + + + ++

Perifascicular atrophy 0 0 0 0 0 +

Capillary abnormalities

Reduced + 0 ++ 0 0 ++

Enlarged 0 0 + 0 0 +

CD4 ++ ++ ++ + ++ +

CD8 ++ 0 + + 0 ++

CD20 ++ + ++ + ++ +++

CD68 ++ + ++ + + ++

C5b9 0 0 + 0 0 +

Abbreviations: MHC = major histocompatibility complex.
Semiquantitative scale ranging from 0 (absent) to +++ (abundant).

Figure 1Pathology Findings inBrachio-Cervical Inflammatory
Myopathy

Hematoxylin and eosin (A and B) and modified Gomori trichrome (C)
staining showing mononuclear cell inflammatory infiltrates with a primarily
perivascular distribution, spreading into the endomysium, increased mus-
cle fiber size variability with few necrotic fibers (asterisk), and mild endo-
mysial fibrosis. Immunofluorescence images showing CD20+ B cells (red, D
and E) andCD4+ T cells (red, F) in the inflammatory infiltrates. Sarcoplasma is
counterstained in green with FITC-conjugated phalloidin (D, E, and F).
Magnification bar stands for 50 μm in (A and B) and for 100 μm in (C–F).
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iliopsoas and posterior leg muscles, as well as STIR hyper-
intensities in the adductor magnus, distal portion of the vasti
and posterior leg muscles (figure 4A).

A second MRI was repeated after a mean of 14.6 months
(range 6–22 months) from treatment initiation. At follow-up,
the number of STIR+ muscles was considerably lower in all
patients with a mean change from 12.4 (range: 7–16) STIR+
muscles pretreatment to 2.2 (range: 0–9) posttreatment. No
STIR+ muscles were detected in 2 patients, and other 2 pa-
tients had only 1 STIR+ muscle at follow-up. In patient 3,
despite a reduction of the number of STIR+muscles (from 15
to 9), hyperintensities lasted up to 16 months since treatment
initiation, especially in the trapezius, rhomboids, and lower
limb muscles. In patient 6, the follow-up MRI scan showed
severe fatty replacement of neck and upper girdle muscles
along with paraspinal and abdominal muscles, still with rela-
tive sparing of the lower limbs (figure 4B).

Discussion
In this study, we described baseline and posttreatment clinical
and radiologic findings in a cohort of 6 female patients di-
agnosed with BCIM, with a long follow-up, up to 13 years.

All presented head drop, difficulty in raising arms, and facial
weakness, which is an uncommon onset among IIMs.
Weakness of distal upper limb muscles, especially in the
posterior forearm, was also always present in our cohort al-
though not frequently reported in BCIM so far.10 Lower limb

involvement was rare, even if it might be present in very
advanced disease.

The clinical spectrum of BCIM may thus vary from a myop-
athy confined to the neck and proximal upper limbmuscles to,
more rarely and especially if untreated, a severe disorder
encompassing also axial and lower limb muscle involvement,
dysphagia, and respiratory impairment. Here, we presented 2
examples of the disabling end of this spectrum: patient 3, with
unsatisfying treatment response and poor outcome, and pa-
tient 6 who, due to insufficient therapy, may represent an
example of the natural history of the disease.

A peculiar clinical feature is the presence of facial weakness.7,8

This finding, in addition to the difficulties in arm abduction
and scapular winging, raised the initial clinical suspicion of
FSHD for most of our patients. The slowly progressive course
and this misleading clinical picture led to a mean diagnostic
delay of approximately 1.5 years, which was comparable to
previous studies, yet undesirable in a potentially treatable
condition.10,11 Muscle MRI examination could narrow this
delay and is instrumental in differentiating this entity from
other IIMs, motor neuron diseases, or hereditary myopathies.
Severe fatty replacement of neck extensors and sternoclei-
domastoid atrophy, along with diffuse STIR hyperintensities
in upper girdle muscles and relative preservation of lower
limbs, are the most striking features in BCIM.

In the other IIMs, scapular girdle and upper limbs are not
routinely scanned, as the most common radiologic alterations
are in the pelvic girdle and lower limbs.17 Few articles

Table 3 Pre- and Post-treatment Clinical Assessments

Pt. ID P1 P2 P3 P4 P5 P6

Follow-up (mo) 35 88 23 55 53 159a

Neck weakness

Neck extensors +/0 +++/+ +++/++ ++/0 +++/+ +++/++/+++

Neck flexors +++/0 ++/++ +++/++ +/+ +++/++ +++/++/+++

Upper limb weakness:
baseline/last follow-up

Proximal ++/+ ++/+ ++/+ +/0 ++/0 +/0/++

Distal +/+ +/0 +/0 +/+ ++/+ ++/+/++

Lower limb weakness:
baseline/last follow-up

0/0 +/0 ++/++ 0/0 0/0 0/0/+

Arm abduction 45° R, 30° L/65° R,
85° L

75°/90° 70°/80° 80°/90° 45°/90° 45°/80°/30°

Treatment Prednisone, IVIg,
azathioprine

Prednisone,
IVIg

Prednisone, IVIg,
azathioprine

Prednisone,
azathioprine

Prednisone,
azathioprine

Prednisone, IVIg,
methotrexate, SCIg

Abbreviations: IVIg = IV immunoglobulin; L = left; NA = not available; R = right; SCIg = subcutaneous immunoglobulin.
Summary of clinical evaluations at baseline (pretreatment) and at last follow-up after treatment. Muscle strength was assessed with manual muscle testing
(MRC scores 0–5), and muscle weakness was classified as 0 (MRC = 5), + (MRC = 4), ++ (MRC = 3), and +++ (MRC = 0–2). Baseline evaluation was performed
during the first visit at our center.
a For patient 6, we reported 3 different time points: first clinical evaluation/posttreatment 6-month follow-up/last available follow-up, 13 years after diagnosis.
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reported inconsistent findings of STIR hyperintensities in
trapezius and neck flexors muscles in IIMs, whereas others
even discourage shoulder girdle and trunk muscles MRI scans

in the diagnostic workup of IIMs.17,18 On the other hand, in
motor neuron disorder, the most involved muscle is the
supraspinatus.19 The frequent involvement of trapezius
muscles and the presence of STIR positive muscles are shared
by both BCIM and FSHD. Nevertheless, the severe in-
volvement of neck muscles is unusual in FSHD, where neck
extensors rarely show fatty replacement and sternocleido-
mastoid atrophy is usually asymmetric.16 Another possible
differential diagnosis is sporadic late-onset nemaline myopa-
thy, which may share with BCIM proximal upper limb
weakness, together with neck extensor and facial involvement,
but that can be differentiated by the presence of nemaline rods
on muscle biopsy.20

From a histopathologic perspective, BCIM presents as a
typical inflammatory myopathy, with HLA Class I upregula-
tion on the sarcolemma, and small inflammatory perivascular
and endomysial infiltrates mainly represented by CD20+

B cells and CD4+ T cells. Although first described as having a
predominant perimysial pathology and peculiar endomysial
C5b9 deposition,7 these findings were not consistently pre-
sent in our cohort. This heterogeneity may suggest a wider
histopathologic spectrum than previously reported.

Although we cannot exclude the presence of uncharacterized,
disease-specific autoantibodies, we were not able to detect the
presence of any of the known MSA/MAAs in our cohort of
patients. In addition, we confirm that ANAs were present in all
patients, and 3 also presented anti-AChR antibodies. Taken
together, all these findings, along with the detection of B-cell
components of inflammation and the association with other
autoimmune disorders, support a role of the humoral immune
system in the pathogenesis of BCIM.

Myasthenia gravis and IIM can also overlap in some patients. In
these peculiar situations, thymus pathology is very frequent,
repetitive nerve stimulation is abnormal, and muscle MRI
demonstrates a predominant involvement of lower limb mus-
cles.21 In our cohort, repetitive nerve stimulation was performed
on proximal, weak muscles and resulted normal in all patients.
No patient reported fluctuation of symptoms, and evidence of

Figure 2 Disproportionate Involvement of Upper Limb Mus-
cles in Brachio-Cervical Inflammatory Myopathy

PretreatmentmuscleMRI findings frompatient 5, showing disproportionate
involvement of upper (A–F) compared with lower limb muscles (G–L). T1-
weighted images (A, C, E, G, I, and K) display fatty replacement of neck
extensors and cervical paraspinal muscles (arrowhead, A) and diffuse at-
rophy of upper girdle muscles, especially pectoralis major (arrowhead, C).
STIR sequences (B, D, F, H, J, and L) show diffuse hyperintense signal in most
of the upper girdle muscles, such as pectoralis major (arrowhead, D), tra-
pezius (arrow, D), and serratus anterior (arrowhead, F). Pelvis and lower limb
muscles are spared in both T1 and STIR sequences.

Figure 3 Representative Muscle MRI Findings in Brachio-Cervical Inflammatory Myopathy

T1-weighted scans show the involvement of neckmuscles in patients 1 (A)
and 3 (B), with fatty replacement of neck extensors (arrowhead, A and B)
and levator scapulae (triangle, B), and hypotrophy of the sternocleido-
mastoid (arrows, A and B), particularly severe in patient 3. T1-weighted
images of the scapular girdle in 2 different patients (C, coronal slice, andD,
axial slice), respectively, show selective atrophy of trapezius in patient 4
(arrow, C) and diffuse and severe muscle atrophy in patient 3, more
pronounced for the thoracic paraspinal (arrowhead, D) and pectoralis
major muscles (arrow, D). STIR sequences in patient 4 (E) display hyper-
intensities in several muscles, such as pectoralis major (arrow) and
rhomboids (arrowhead).
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muscle fatigability was not found. Moreover, 2 anti–AChR-
positive patients started oral pyridostigmine without any clinical
improvement, and thymic disease was excluded in all patients.

The association between IIMs (especially DM) and malignancy
is well known and has been extensively reported in retrospective
cohort studies and metanalyses.22-24 In our cohort, 1 patient was
diagnosed with breast medullary carcinoma within 3 years from
myositis onset. The close temporal relationship between the 2
conditions may support the hypothesis of a paraneoplastic
phenomenon, although the differential course of the 2 diseases is
in contrast with this hypothesis, as the patient was declared on
remission for the malignancy while the myositis progressed.
Moreover, breast medullary cancer is rarely associated with
paraneoplastic syndromes, and the patient also had scleroderma,
which itself has been associated with cancer.25,26 In any case, this
association highlights the importance of tumor screening for
patients with BCIM.

Despite a consensus on therapy for IIMs is still lacking, steroids
are commonly used as the first-line agent and are often asso-
ciated with steroid-sparing immunosuppressants. A number of
other additional therapies have been tried, including IVIg and
plasma exchange or a combination of both, and the outcome
was generally good in previously published BCIM cases.7,9-11

However, the heterogeneous treatment strategies make it dif-
ficult to select the best approach for a given patient, and the
treatment choice is commonly guided by patients’ comorbid-
ities, side effects, and, finally, physicians’ experience. In our
population, this approach led to clinical and radiologic im-
provement in all but 1 patient. However, neck muscle weak-
ness, especially of neck flexors, was relatively resistant to
therapy. At the time of diagnostic evaluation, neck muscles
showed severe fatty replacement and atrophy on MRI. This
finding could be expression of a chronic irreversible process
explaining the lack of treatment response of this muscle group.

Conclusion
BCIM presents typical clinical and radiologic features and
is not associated with known MSA antibodies, whereas the

degree of severity may be broader than previously de-
scribed. Muscle MRI can be helpful in distinguishing this
disease from other acquired and hereditary myopathies and
is instrumental in addressing the correct diagnosis of
BCIM, which is crucial for timely treatment administration,
possibly before fatty infiltration and atrophy occur.

Although the exiguous number of patients represents a limi-
tation of the study and prevents significant correlations, fac-
tors that influence the outcome may include the extent of
changes on MRI, the delay in starting the appropriate treat-
ment, and the severity of dysphagia. Indeed, early diagnosis
and treatment initiation are fundamental to prevent muscle
fatty replacement or atrophy and irreversible weakness. When
treatment is inadequate or lacking, the disease invariably
progresses toward a severe phenotype, leaving very little space
to further intervention.

Finally, despite definite answers will require a more extensive
cohort of patients, cancer screening could be advisable in
every patient diagnosed with BCIM, as in the other IIMs.
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Figure 4 Severe End of the Spectrum in Brachio-Cervical InflammatoryMyopathy,With Relative Involvement of Lower Limbs

Pretreatment T1-weighted lower limb scans of patient 3 (A) displayed
hypotrophy of iliopsoas (arrowhead) and moderate/severe bilateral fatty
changes of posterior lower leg muscles (arrow). In patient 6 (B), long-term
follow-up MRI images revealed extensive atrophy of pectoralis major
(arrowhead) and other scapular girdle muscles with mild diffuse hypo-
trophy and fatty infiltration of the thigh muscles.
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