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Abstract

Statin-induced immune-mediated necrotizing myopathy IMNM) is a rare systemic neuromuscular condition. We present a
case of a patient with a severe phenotype of the disease that was found to have an increase in anti-HMGCR and anti-ACHR
antibodies. A potential association between these antibodies have not been previously described. A 67-year-old male with
hyperlipidemia, who was recently initiated on atorvastatin therapy, presented to the ED with progressive muscle weakness.
Within a few days of admission, the patient developed complete flaccid paralysis and respiratory distress requiring intubation.
The patient’s CK was elevated to 24,000 and there was an increase of anti-HMGCR and anti-ACHR antibodies. Impressions
from MRI and thigh biopsy solidified a diagnosis of statin-induced IMNM. The patient was treated with methylprednisolone,
IVIG, and rituximab, which provided resolution of symptoms.
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Introduction

Idiopathic inflammatory myopathies (IIM) are a group of
systemic muscular diseases characterized by proximal mus-
cle weakness, elevated levels of creatinine kinase (CK),
and inflammatory findings on muscle biopsy [1]. Immune-
mediated necrotizing myopathy (IMNM) is a subset of [IM
which is classified based on findings of anti-signal recogni-
tion particle (SRP) and anti-hydroxy-3-methylglutaryl-CoA
reductase (HMGCR) [2]. Furthermore, anti-HMGCR myo-
pathy has been demonstrated to be associated with statin
exposure [3].

Myasthenia gravis (MG) is an autoimmune disorder of
the neuromuscular junction that presents with fluctuating
muscle weakness and potential respiratory distress that is
exacerbated by exertion [4]. MG is classically associated
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with anti-acetylcholine receptor (ACHR) antibodies which
contributes to its pathogenesis by inhibiting its associated
nicotinic receptors on the post-synaptic membrane of the
neuromuscular junction and preventing depolarization and
consequent muscle contraction [5]. Identification of anti-
ACHR antibodies in a patient presenting with the associated
clinical features such as extraocular, bulbar, or limb weak-
ness is virtually diagnostic of MG [6].

In this case study, we present a patient found to have
statin-induced IMNM with anti-HMGCR and anti-ACHR
antibodies, as well as profound elevations of CK. By litera-
ture review, the concomitant increase in anti-HMGCR and
anti-ACHR antibodies have only once been reported previ-
ously and may provide implications for our understanding
of disease pathophysiology and management.

Case description

A 67-year-old male, with a past medical history of hyperlipi-
demia, presented to the emergency department with progres-
sive muscle weakness for 1 month. There was also an associ-
ated back rash, difficulty swallowing, and shortness of breath
during the same period. He reported difficulty with moving
all extremities and his neck, which hindered his ability to
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maintain an upright head position. On physical examina-
tion, there was pain with motion of the head, a scattered
erythematous rash on the posterior neck and upper back,
slurred speech, and bilateral weakness in all extremities with
a greater prominence in the proximal muscles.

The patient’s only medication was 20 mg of atorvastatin
daily for 21 months. On initial presentation, his laboratory
tests were notable for an elevated CK of 24,000 U/L, along
with leukocytosis and elevated erythrocyte sedimentation
rate, C-reactive protein, aldolase, alanine transaminase,
aspartate aminotransferase, and thyroid stimulating hormone
(Table 1). This prompted inpatient admission. The follow-
ing day, he was transferred to the ICU and intubated due to
respiratory distress, dysphagia, and flaccid paralysis of all
extremities.

An inflammatory myopathy was suspected, which war-
ranted a comprehensive diagnostic work-up. MRI of the
lower extremities demonstrated edema and patchy hyper-
enhancement within posterior compartments bilaterally
(Fig. 1). Investigation for paraneoplastic syndrome due to
malignancy was negative by esophagogastroduodenoscopy,

Table 1 Blood investigation abnormalities

colonoscopy, and CT of the chest, abdomen, and pelvis. Fur-
thermore, CT of the chest did not demonstrate any thymic
pathology that might have contributed to the presentation.
Viral and bacterial screening for infectious etiologies were
negative. A comprehensive autoimmune and myositis panel
was positive for HMGCR and ACHR antibodies. Perti-
nent negative laboratory tests included ANA, RF, anti-Jo,
anti-Mi, anti-SRP, anti-SSA, anti-SSB. Total serum immu-
noglobulin levels were in reference range (IgG = 1290,
IgA=272).

Punch biopsies of skin from the left and right upper back
demonstrated patchy basal vacuolar changes and superficial
perivascular dermatitis with scattered neutrophils bilaterally.
A muscle biopsy of the right rectus femoris demonstrated
scattered necrotic and regenerating fibers, variation in fiber
size and a mild neurogenic process with denervation and
reinnervation. Immunohistochemical staining highlighted
CD56 positive scattered fibers and CD163 positive scat-
tered macrophages with fibers undergoing myophagocyto-
sis. Lymphocytic inflammation was not observed. Further
immunohistochemical analysis for major histocompatibility

Laboratory test

Levels at admission

Levels at discharge Levels at follow-up Normal range

Creatine kinase (CK) 24,364 U/L
Alanine transaminase (ALT) 556 U/L
Aspartate transaminase (AST) 848 U/L
Bilirubin 1.8 mg/dL
Thyroid stimulating hormone (TSH) 8.9 ulU/MI
Aldolase 327.6 U/L
C-reactive protein (CRP) 25.0 mg/dL
Erythrocyte sedimentation rate (ESR) 133 mm/h
HMG-CoenzymeA reductase antibody (anti-HMGCR) 170U
Acetylcholine receptor antibody (anti-ACHR) 2.79 nmol/L

2242 U/L 129 U/L <201
342 U/L 30 U/L 0-48
183 U/L 23 U/L 10-40
0.4 mg/dL 0.4 mg/dL 0.2-1.2
7.5 ulU/mL 2.7 ulU/mL 0.4-5.0
106 U/L - 1.2-7.6
- - <1.0
- - 0-20

- - 0-19

- - <0.31

Discharge levels were assessed 25 days after admission and outpatient follow-up levels were assessed 2 months after admission

Fig. 1 T2-weighted MRI of
bilateral thighs demonstrating
hyperenhancement in posterior
compartments
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complex showed occasional fibers with positive staining and
rare membrane attack complex positive fibers.

Statins were immediately discontinued on admission. He
was started on 1 g methylprednisolone IV for 3 days and
60 g IVIG for 2 days, which temporarily provided mild
symptomatic improvement and a decrease in CK to 8400.
Following the course of the initial treatment, his extremity
weakness and increased work of breathing persisted, along
with an increase in CK to 13,000. This prompted adminis-
tration of two 1 g rituximab IV treatments given 2 weeks
apart, monthly IVIG, and weekly 1 g methylprednisolone
IV treatment. The symptoms progressively improved and
the patient was discharged to a long-term acute care hos-
pital. Within the following 2 months, his CK stabilized to
reference range, he was weaned from ventilation, and he had
his PEG tube removed. The patient made a near complete
recovery, without any persistence of dyspnea, dysphagia,
paresthesia, weakness, or paralysis.

CK levels were assessed daily through the patient’s hos-
pitalization (Fig. 2). His initial CK level on admission was
24,364 and had decreased to 2242 by the time of discharge.
On day 1 of admission, the patient received a 2-day course
of 60 g IVIG and 3-day course of 1 g methylprednisolone.
He received his first infusion of 1 g rituximab on day 5 and
second infusion on day 20. Following discharge to the long-
term acute care hospital, he received biweekly 1 g methyl-
prednisolone treatments and monthly 2-day infusions of 60 g
IVIG. At his outpatient follow-up, 2 months after discharge
from the hospital, his laboratory test levels were within ref-
erence range (Table 1).

Fig.2 Levels of CK tracked 30000

daily throughout hospital admis-
sion
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Search strategy

A literature review was conducted by searching databases of
Pubmed/Medline, Embase, and Web of Science. Search key-
words included a combination of the terms “statin induced”,
“immune mediated necrotizing myopathy”, “necrotizing
autoimmune myopathy”, “anti-hmgcr”, “myasthenia gravis”,
“anti-achr”, and “acetylcholine receptor antibody”. A narrow
inclusion criterion was utilized to identify all cases of inter-
est. Cases were included if they discussed a clinical pres-
entation of a patient diagnosed with statin-induced IMNM
that was found to have both anti-HMGCR and anti-ACHR
antibodies. Cases were excluded if there were no report of

the concomitant increases of the antibodies of interest.

Results

The literature review revealed only one previously published
case study that reported the concomitant increase of both
anti-HMGCR and anti-ACHR antibodies in a patient with
statin induced IMNM [7]. Many similarities are present
between the cases such as the induction by atorvastatin,
significantly elevated CK, LDH, AST, ALT, and presenta-
tion with progressive muscle weakness and dyspnea. How-
ever, the respiratory distress in their reported patient did
not lead to intubation and the muscle weakness was less
profound. Fortunately, persistent improvement of symp-
toms were achieved by IVIG, methotrexate, prednisone, and
pyridostigmine.

10 15 20 25
Days Since Admission
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Discussion

Statins are among the most widely used medications for
management of cardiovascular disease. The mechanism
of action of statins involves inhibition of the HMG-CoA
reductase enzyme, which consequently limits cholesterol
synthesis within hepatocytes [8]. Although relatively
safe, neuromuscular disorders comprise a majority of the
adverse effects associated with use of statins [9]. A rare
side-effect of statins is the induction of autoimmune ill-
nesses, such as IMNM, myasthenia gravis, dermatomyosi-
tis, and polymyositis [9].

The incidence of IMNM has been reported to be 2—3 per
100,000 patients using statins [10]. Patients with IMNM
have an associated increase in specific antibodies, such as
anti-SRP or anti-HMGCR [11].

Physical manifestations of IMNM with anti-HMGCR
include proximal muscle weakness, myalgia, fatigue, dys-
phagia, and uncommon non-specific findings such as rash,
arthritis, or Raynaud’s phenomenon [12]. Diagnostic studies
usually demonstrate an elevated CK (2000-20,000 U/L) and
a muscle biopsy demonstrating muscle fiber necrosis and
inflammation with a macrophage predominance [13].

The novelty of our presented case is attributed to the
simultaneous elevation of anti-HMGCR and anti-ACHR
antibodies, in a previously healthy individual who had
recently started statin therapy. The presence of anti-HMGCR
is strongly suggestive of statin-induced IMNM, with a 94.4%
sensitivity and 99.3% specificity [14]. ACHR antibodies are
more suggestive of MG which statin use has also previously
been observed to promote presentation of [15]. However, a
potential association between anti-ACHR and anti-HMGCR
has not been previously reported. The concomitant elevation
of these antibodies likely contributed to the increased sever-
ity of presentation within the current case.

Multiple findings had led to the diagnosis of IMNM
within this patient. Initial suspicions occurred when dis-
covering the dramatically increased CK levels, proximal
muscle weakness, and recent initiation of statin therapy.
Identification of the associated antibody after a broad
autoimmune antibody panel warranted a comprehensive
diagnostic assessment. Imaging of the extremities then
demonstrated a potential necrotic pattern. The diagnosis of
IMNM was finalized following histologic examination of
the muscle biopsy, which confirmed the necrotic features
associated with IMNM. Thus, the findings of HMGCR
antibodies, proximal muscle weakness, elevated CK, mus-
cle hyperintensity on MRI, and necrotic features on muscle
biopsy fulfil all the criteria suggested for the diagnosis of
IMNM [2]. Full body imaging and endoscopic examina-
tions did not reveal other remarkable findings that may
explain another disease process.

@ Springer

Although ACHR antibodies are usually indicative of
MG, this patient did not initially present with classical
features associated with the disease. For instance, he did
not have diplopia, ptosis, blurry vision, or ocular fatigue
followed by sustained upgaze. Since multiple neurologic
examinations were not consistent with MG, there were no
pertinent diagnostic tests that followed. However, upon
admission, the patient developed respiratory distress and
dysphagia which shared dangerous characteristics of MG
[16]. The presence of anti-ACHR found during hospitali-
zation may suggest a potentially additive effect of MG
with IMNM or a severe phenotype of IMNM associated
with an increase in both ACHR and HMGCR antibodies.

Initially, this patient demonstrated a large area of scat-
tered non-pruritic erythematous rash on the posterior neck
and upper back, which had subsided 1 week into admis-
sion. This finding resulted in the consideration of dermato-
myositis in the differential diagnosis due to the similar
appearance of the shawl sign associated with the disease
[17]. However, the presence of an erythematous rash is
not uncommon in statin-induced IMNM. Several previous
case reports have reported a dermatomyositis resembling
skin rash in patients with statin-induced IMNM [18-20].
Thus, the presence of a rash should not discount the pos-
sibility for IMNM.

The severity of symptoms of this patient is important to
emphasize. Within the first several days of hospitalization,
this patient exhibited respiratory failure requiring intuba-
tion, dysphagia, and near complete flaccid paralysis of all
extremities. In a retrospective review of 63 patients with
necrotizing autoimmune myopathy, 5 patients ultimately
required intubation [21]. This suggests that a subset of
patients with the disease develop a more severe phenotype.

Due to the rarity of the disease, there are currently no
clinical trials that may be referenced to guide therapeutic
management of patients with statin-induced IMNM. How-
ever, based on the availability of reported cases, induc-
tion of immunosuppression appears to be the best course
to pursue [22]. Success has been demonstrated with oral
prednisone, methotrexate, azathioprine, mycophenolate
mofetil, IVIG, and rituximab [22]. In a retrospective study
of 55 patients with statin-induced IMNM, a triple therapy
of steroid, IVIG, and steroid-sparing immunosuppressant
demonstrated efficacious results [23]. Therefore, when
statin-induced IMNM is expected, rapid immunosuppres-
sion should be initiated to ensure optimal prognosis for
the patient.
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