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Abstract

Statin-induced autoimmune myositis (SIAM) represents a rare clinical entity that can be triggered by prolonged statin treat-
ment. Its pathogenetic substrate consists of an autoimmune-mediated mechanism, evidenced by the detection of antibodies
directed against the 3-hydroxy-3-methylglutaryl-coenzyme A reductase (anti-HMGCR Ab), the target enzyme of statin thera-
pies. To facilitate the diagnosis of nuanced SIAM clinical cases, the present study proposes an “experience-based” diagnostic
algorithm for STAM. We have analyzed the clinical data of 69 patients diagnosed with STAM. Sixty-seven patients have been
collected from the 55 available and complete case records regarding STAM in the literature; the other 2 patients represent our
direct clinical experience and their case records have been detailed. From the analysis of the clinical features of 69 patients,
we have constructed the diagnostic algorithm, which starts from the recognition of suggestive symptoms of SIAM. Further
steps provide for CK values dosage, musculoskeletal MR, EMG/ENG of upper-lower limbs and, Anti-HMGCR Ab testing
and, where possible, the muscle biopsy. A global evaluation of the collected clinical features may suggest a more severe
disease in female patients. Atorvastatin proved to be the most used hypolipidemic therapy.

Keywords Statin-induced autoimmune myositis (SIAM) - Anti-HMGCR antibody - SIAM case report - SIAM diagnostic
algorithm - Muscle biopsy

Introduction

Statin-induced autoimmune Myositis (SIAM) is a rare clin-
ical entity that can occur as a side effect after prolonged
statin treatment, with a prevalence of 1 in 100,000 inhabit-
ants [1, 2]. A wide spectrum of musculoskeletal disorders
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associated with statin therapy is included in the definition
of “Statin-induced myopathy spectrum” (SIMS). Clinical
presentations may also range from asymptomatic elevation
of creatine kinase (CK), sometimes associated with myal-
gia and exercise intolerance, to rarer forms characterized
by proximal muscle weakness, marked serum CK elevation
and histological evidence of myonecrosis. The necrotizing
and autoimmune forms are commonly defined as “Statin-
induced necrotizing autoimmune Myositis (SINAM) [3].
Symptoms and signs of SIMS also include fatigue, cramp-
ing, stiffness, tendon pain, tenosynovitis and rare cases of
dysphagia. [4, 5]. Statin-induced myositis (SIM) recognizes
two mechanisms: a more common cytotoxic mechanism, and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11739-023-03278-9&domain=pdf

1096

Internal and Emergency Medicine (2023) 18:1095-1107

a rarer autoimmune-mediated mechanism, associated with
the presence of antibodies directed against the 3-hydroxy-
3-methylglutaryl-coenzyme A reductase (Anti-HMGCR
Ab). Normally, HMGCR is highly expressed in muscles
and it represents the target enzyme on which statins act as
competitive inhibitors, lowering the production of choles-
terol [6]. The autoimmune-mediated mechanism represents
the pathogenetic substrate of SIAM. However, the exact
pathophysiological mechanism leading to STAM remains
unclear. It is hypothesized to include mechanisms affecting
membrane excitability, mitochondrial function, ubiquinone
depletion, calcium-metabolism, and apoptosis. [7]. The
onset appears to be more common after the age of 50 years,
with a slight preponderance for the female sex [2].

Side effects induced by statins usually are dealt with dis-
continuation of statin therapy. STAM is instead later sus-
pected when resolution or improvement of symptoms does
not occur despite statin discontinuation. Moreover, SIAM-
affected patients treated after a time delay (months or years)
in some cases require a prompt immunosuppressive treat-
ment [6].

In this article the authors summarize the most contempo-
rary literature regarding STAM and provide two illustrative
case reports relevant to the topics discussed. To the best of
authors’ knowledge, only a single SIAM diagnostic algo-
rithm has been published so far [8]. Therefore, to facilitate
the diagnosis of nuanced SIAM clinical cases, here we pro-
pose a modified diagnostic algorithm of SIAM. The develop-
ment of the present algorithm takes into account data from a
total of 69 patients, collected both from literature and from
our personal experience.

Methods

Two patients were admitted to the Internal Medicine
Unit of the University Hospital of Palermo in the period
2021-2022. Patient’s clinical data were collected retro-
spectively; therapy and instrumental reports were searched
in the medical records of patients’ hospitalizations. After
hospital discharge, clinical data were collected through
telephone interviews. Informed consents were obtained
for both patients of the clinical cases in written and ver-
bal forms. Declaration of Helsinki 1973. From April 2022
to May 2022 a literature search was carried out on Pub-
Med, examining case records regarding SIAM. The search
terms were: “Statin-induced autoimmune Myopathy Case
report”, “Statin-induced autoimmune Myositis Case report”,
“HMGCR myopathy Case report”, “HMGCR myositis Case
report”. A total of 191 case reports concerning SIAM were
identified by these terms, and a total of 121 articles remained
after duplicate removal. Articles were then filtered by Eng-
lish language (17 articles removed) and full-text availability
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(15 articles removed. A total of 55 articles were selected
according to the following inclusion criteria: (i) articles
describing the patients' diagnostic iter and concerning only
statin-induced forms of myositis with an autoimmune mech-
anism, (ii) incomplete clinical information of the patients,
concerning statin-induced forms of myositis with cytotoxic
mechanism and/or HMGCR-ab positive but paraneoplastic
forms of myositis (Supplementary Fig. 1). As the work is
not designed as a ‘systematic review’ of the literature, the
methodological quality of the work was not assessed. There-
fore, only 55 out of 191 articles were selected and used as a
cohort of patients to derive overall data on the main clinical-
therapeutic features of SIAM. Data regarding 67 patients
were collected from the 55 publications and tabulated in
a Microsoft Excel spreadsheet. Bibliographic sources are
listed in Supplementary Table 1. A diagnostic algorithm was
built according to the data obtained by the revision of the
69 cases.

Results
Cases description
Case 1

Case of a 67 years-old woman with a clinical history of
chronic ischemic heart disease and hyperlipidemia, in treat-
ment with beta-blockers, ACE-inhibitors, antiplatelet agents
and atorvastatin 20 mg/day for 10 years. She referred her
symptoms starting in April 2021 with progressive fatigue
and muscle weakness in the lower limbs. In August of the
same year, because of a marked serum elevation of CK
[over 48 folds the Upper Limit of Normal (ULN) 15-250
U/L), atorvastatin was discontinued but due to the onset of
a progressive and severe lower hyposthenia and dyspha-
gia, she was admitted at our Division in September 2021.
At the admission time, a proximal muscle atrophy of the
lower limbs and reduced strength were noticed during the
neurological examination. She was not capable of walk-
ing, lifting, or pushing her legs against minimal resistance
from the examiner and she was unable to rise from a seated
position. Skin inspection showed a mild rash limited to the
upper back and trunk, without the involvement of the face.
Blood chemistry showed, CK (31 folds the ULN, normal
value (NV) 26-192 U/L), myoglobin (59 folds the ULN < 58
mcg/L U/L), aspartate and alanine aminotransferases GOT/
GPT (6/4 folds the ULN, respectively, NV: 0-35 U/L) and
LDH (2 folds the ULN, NV: 50-250 U/L). Inflammation
and kidney function markers resulted within the normal
range. Complete results of the tests are reported in Sup-
plementary Table 2. The clinical presentation was sugges-
tive of rhabdomyolysis and fluid therapy was immediately
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started. The successive exams were performed to make dif-
ferential diagnoses among the various forms of rhabdomy-
olysis. Infectious and traumatic causes were excluded [9]
and the acid alpha-glucosidase enzyme activity test (dried
blood spot-DBS) was normal excluding Pompe Disease.
The electromyography/electroneurography (EMG/ENG)
detected a pattern of severe myopathy with signs of myoto-
nia. The musculoskeletal magnetic resonance (MR) of the
lower limbs reported a hyperintensity of the signal in the
muscle gizzards bilaterally with imbibition of the subcu-
taneous soft tissues: these findings were compatible with
an active inflammatory pattern and suggestive of myositis
[10]. The total body computed tomography (CT) with con-
trast medium, the positron emission tomography scan (PET/
CT), the pelvic echography and the tumor markers (Car-
cinoembryonary antigen- CEA, CA15-3, CA 19-9, alpha-
fetoprotein, CA 125) within the normal range excluded the
paraneoplastic etiology of the myositis [11]. The autoim-
mune origin was investigated through the research of spe-
cific myositis autoantibodies panel [12]: Anti-Nuclear Anti-
bodies (ANA) resulted in mildly positive with 1:80 antibody
dilution; autoantibodies anti-Mi2/alpha and beta nucleosome
remodeling and deacetylase complex, anti-DNA, SRP (sig-
nal recognition particle), PL7 (threonyl), PL-12 (alanyl), EJ
(glycyl), OJ (isoleucyl), Jo 1 (antihistidyl-tRNA synthetase),
PM-Scl100 and PM-Scl75, Ro-52, NXP2, TIF 1g, SAE1 and
MDAS resulted negative. Only a weak positivity was noticed
for anti-Ku antibodies. Anti-HMGCR Ab exceeded 3 folds
of the ULN so the diagnosis of SIAM was made. The first
line of therapy consisted of high-dose steroid therapy with
intravenous prednisone 1 mg/kg body weight/day, followed
after two weeks by one cycle of intravenous human immune
globulin (IVIG) at the dosage of 400 mg/Kg. One month
after the beginning of therapy, given the absence of clinical
improvement, a weekly injection of Methotrexate 15 mg was
added to therapy. One month after a full dosage, the steroid
was de-escalated by 10% of the initial posology every ten
days. In November, after the first two months of treatment,
the patient was able to resume a sitting position. CK values
decreased slower with statin withdrawal alone (about 3000
U less in about a month) than with the beginning of steroid
treatment, whereby CK values have more than halved within
2 weeks. Symptoms also did not regress upon discontinua-
tion of treatment whereas they improved after two months
of immunosuppressive treatment.

In January 2022, after 4 months of therapy, a new mus-
culoskeletal MR of the lower limbs reported a reduction of
the hyperintensity of the signal in the middle-distal third of
the adductor muscle bilaterally without imbibition of the
subcutaneous soft tissues. The EMG/ENG of the upper and
lower arms showed myopathic suffering in the process of
improvement. As maintenance therapy, since January 2022
prednisone 25 mg/daily and Methotrexate 15 mg/weekly

were administered. At the 6 month follow-up, her biochemi-
cal exams reported: CK 3 folds the ULN U/L, myoglobin
5 folds the ULN, GOT/GPT and LDH within the normal
range. During the follow-up period, the patient underwent
a 4 months physical rehabilitation program (since October
2021 to February 2022), at the end of which she started
walking again and she denied dysphagia and fatigue in the
use of the upper arms (Fig. 1).

Graph of the time course (in months) of CK values (U/L)
in relationship with therapy and related timeline of corre-
sponding symptoms. The start and stop symbols indicate
when therapy was started or stopped. The long arrow at the
top of the figure represents a timeline where the symbol of
position corresponds to the precise moment when the indi-
cated symptoms occurred, in parallel with the time course
of the CK values. MTX: methotrexate; IVIG: intravenous
human immunoglobulin.

Case 2

A 67 years-old man with a clinical history of diabetes,
hypertension and hypercholesterolemia treated with atorvas-
tatin 20 mg/day for 2 years, in addition to beta-blocker plus
sartan therapy to manage high blood pressure. Symptoms
started in May 2020 with episodes of accidental falls due to
sudden loss of strength in the lower limbs. Successively, he
complained of difficulty in climbing stairs and walking long
distances. Due to an elevated serum level of CK (36 folds
the ULN), statin treatment was stopped. Despite statin dis-
continuation, CK values slightly decreased, without normal-
izing. In September 2020 statin therapy was reintroduced,
by switching to rosuvastatin. In the following 2 months, he
complained of weight loss and progressive difficulty in walk-
ing, getting up from a sitting position and loss of strength
in the upper limbs. In November 2020 rosuvastatin was
stopped and a musculoskeletal MR documented a moderate
fibroadipose replacement of the scapular girdle muscles. In
the lower limbs, a severe fibroadipose replacement of the
large gluteal muscles was reported too, in addition to dif-
fuse proximal muscle oedema of the lower limbs. The EMG/
ENG of the upper and lower limbs showed neurogenic suf-
fering with signs of collateral reinnervation and increased
polyphasia of motor unit potentials of all muscles examined.
In March 2021 the patient was then referred to a reference
in our unit. Serum levels of CK (45,7 folds the ULN) LDH
(1,5 folds the ULN) and GOT/GPT (3,5 folds the ULN) were
elevated. Negative inflammation markers excluded the infec-
tious etiology of the disorder. The acid alpha-glucosidase
enzyme activity test excluded Pompe Disease (dried blood
spot-DBS). A second musculoskeletal MR was suggestive
of a pattern of necrotizing myositis. The autoimmune serum
profile for specific myositis autoantibodies was investigated:
ANA, anti-Mi2/alpha and beta nucleosome remodeling and
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Fig. 1 Graph of the time course of CK in relationship with therapy and symptoms. Case 1

deacetylase complex, anti-SRP, PL7, PL-1, EJ, OJ, Jo 1,
PM-Scl100 and PM-Scl75, Ro-52, NXP2, TIF 1g, SAEI and
MDAS resulted inconclusively. Only a weak positivity was
noticed for anti-Ku antibodies, while a significant positivity
for the Anti-HMGCR Ab (13 folds the ULN) was docu-
mented. Successively, the biopsy of the left vastus lateralis
muscle detected a pattern of myopathy with isolated fibers
in phagocytosis and motor unit remodeling. Therefore, these
evidences defined a necrotizing form of SIAM.

At first, the patient was treated with iv. fluids, prednisone
25 mg/daily and azathioprine 150 mg/daily. Given the lack
of response to these treatments, one month later prednisone
25 mg/daily was up titrated to 50 mg/daily and methotrexate
15 mg/weekly was added to the therapy. From June 2021 to
February 2022, a monthly cycle of IVIG 400 mg/Kg was
administered. Since July 2021 he is still taking methotrexate
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15 mg /weekly and prednisone had been de-escalated 10% of
the initial posology every 10 days up to 5 mg/daily.

At 1 year follow-up the patient reported improvements in
maintaining a sitting position and less pain when standing
or resting. He still struggles to climb stairs and lift heavy
objects. Serum CK has reached stable values around two-
folds the ULN (see Fig. 2). Clinical features and the most
significant biochemical exams of both patients are detailed
in Table 1.

Graph of the time course (in months) of CK values (U/L)
in relationship with therapy and related timeline of corre-
sponding symptoms. The start and stop symbols indicate
when therapy was started or stopped. The long arrow at the
top of the figure represents a timeline where the symbol of
position corresponds to the precise moment when the indi-
cated symptoms occurred, in parallel with the time course
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Fig.2 Graph of the time course of CK in relationship with therapy and symptoms. Case 2

of the CK values. MTX: methotrexate; IVIG: intravenous
human immunoglobulin; AZA: azathioprine.

Review of published cases

The main clinical features of 69 collected patients are listed
in Table 2. The mean age was 63.47 years; female patients
were younger than males (61.86 vs 64.73 years). No dif-
ferences were reported as regards race and comorbidity.
Most of the patients assumed atorvastatin as hypolipidemic
therapy. The mean cumulative time of statin treatment was
53.04 months (4.41 years). Among the initial symptoms,
muscle weakness was referred by most patients, with a
symmetric distribution. In the female sex, muscle weak-
ness prevalent in proximal muscles than distal ones (94.2 vs
34.78%, respectively) in both upper and lower limbs and a
lower mean value at MRC score were noticed. Muscle pain,
dysphagia, neck’s muscles and lower limbs involvement

and weight loss were noticed more commonly in males. A
denervation pattern at the EMG/ENG was mainly reported
in females while in males widespread oedema at MR was
more frequent (Table 2). ANA positivity (in addition to anti-
HMGCR Ab) was reported only in females. When available,
muscle-cell necrosis and inflammatory infiltrate in endomy-
sial and perivascular regions were characteristic features of
muscle-biopsy specimens.

Diagnostic algorithm

The algorithm entry point is represented by any of the symp-
toms occurring during prolonged statin therapy, that should
induce the clinical suspicion of SIAM (Fig. 3). The term
“prolonged” identifies a period of continuous statin intake of
more than 6 months. If STAM is suspected, a CK evaluation
must be performed. CK values > 10 folds the ULN are sug-
gestive of SIAM and statin treatment must be discontinued.
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Table 1 Main clinical features and serum biochemical exams at the admission ward and at the last follow-up of both patients (6 month follow-up
for patient N.1, 1-year follow-up for patient N.2)

Patients Case N.1 Case N.2
Age 67 67
Sex Female Male
Race Caucasian Caucasian
Comorbidity

Hypertension Yes No

Hyperlipidemia Yes Yes

Coronary artery disease Yes No
Statin treatment and posology Atorvastatin 20 mg Atorvastatin 20 mg; Rosuvastatin 20 mg
Comulative time for statin treatment 10 years 2 years (Atorvastatin);

2 months (Rosuvastatin)

Initial symptoms

Muscle weakness Yes Yes

Muscle pain Yes Yes

Simmetric distribution Yes Yes

Dysphagia Yes No

Weight-loss Yes No
Muscle-involvement

Proximal muscles Yes Yes

Distal muscles No No

Upper limbs No Yes

Inferior limbs Yes Yes

Muscle atrophy Yes No

Cutaneous rash Yes No
EMG/ENG

Denervation pattern Yes Yes

Re-innervation pattern No Yes
Musculoskeletal MR

Widespread edema Yes Yes

Adipose-sobstitution No Yes
Biopsy

Necrosis pattern N.A Yes

Inflammatory infiltrate N.A Yes
Antibodies

Anti-HMGCR AB Yes Yes

ANA No No

Anti-Ku Yes Yes
Therapy

Steroid Yes Yes

Methotrexate Yes Yes

IntraVenous immune-globulins Yes Yes

Azathioprine No Yes
SRT in months 12 24
Biochemical Exams Entry Follow-up Entry Follow-up
Mioglobin (me/L) (N.V.: <58) 4016 296 N.A N.A
CK (U/L) (N.V.: 192-260) 8206 474 11,894 4687
LDH (U/L) (N.V.: 240-480) 1265 225 713 757
GOT/GPT (U/L) (N.V.: <31/<31) 304/339 26/39 115/138 71/132
Total cholesterol (mg/dl) 200 N.A N.A 149
LDL cholesterol (mg/dl) 112,8 N.A N.A 61,2
HDL cholesterol (mg/dl) 38 N.A N.A 41
Triglycerides (mg/dl) 246 N.A N.A 234

EMG/ENG electromyography/electroneurography, MR magnetic resonance, ANA anti-nuclear autoantibodies, SRT symptoms resolution time,
CK creatine kinase, LDL low-density lipoprotein, HDL high-density lipoprotein, LDH lactate dehydrogenase, N.A not-available
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[8]. If CK values > 15 folds the ULN, associated with myo-
globinuria and acute kidney injury, rhabdomyolysis must be
considered and treated (consider to hospitalize the patient).
Other causes of rhabdomyolysis must be excluded: para-
neoplastic, infectious, traumatic, toxic and metabolic causes
[13]. After 2 weeks from statin discontinuation, dosage of
CK should be repeated: values < 10 folds the ULN should
be followed-up, without continuing with second-level tests.
If symptoms do not relieve and CK values persist to be ele-
vated > 10 folds the ULN after 2 weeks, an EMG/ ENG and
a musculoskeletal MR should be performed. A suggestive
EMG/ ENG must report sign of irritable myopathy, while a
typical MR has a diffuse oedema and subcutaneous imbibi-
tion, with or without signs of fibroadipose replacement. If
one or both tests do not reveal these findings, the patient
should be referred to the neurologist or rheumatologist for
further evaluation. Conversely, in presence of evocative
EMG/ENG and/or musculoskeletal MR, the algorithm gives
an indication for assays of anti-SRP, anti-HMGCR Ab and
the autoimmune panel (including the extended Myositis
panel anti-Mi2/alpha and beta, anti-DNA, Ku, SRP, PL7,
PL-12, EJ, OJ, Jo 1, PM-Scl100 and PM-Sc75, Ro-52,
NXP2, TIF 1g, SAEI and MDAS). A positive test for anti-
HMGCR (tested with ELISA assay) Ab defines STAM, while
a negative result orients towards other forms of autoimmune
myositis (the autoimmune panel contributes to define alter-
native diagnoses). Then, a muscle biopsy can support the
diagnosis, although it is not mandatory to make the diagno-
sis of STAM. A muscle biopsy can identify the necrotizing
pattern and/or the presence of inflammatory infiltrates that
may contribute to define the disease severity. The algorithm
is described in the flowchart of Fig. 3.

Flowchart of our proposed algorithm for the diagno-
sis of Statin-induced autoimmune myositis (STAM). This
algorithm starts (follows the draw) from the recognition of
symptoms occurred during the statin treatment, indicated in
the specific box. Once SIAM is suspected, creatin-kinase
(CK) dosage must be performed. If CK values maintain
< 10 folds the upper limit of normal (ULN), the clinician
should consider to stop/replace statin treatment and con-
tinue the follow-up. Values > 10 folds the ULN are sugges-
tive of SIAM and statin therapy must be stopped as soon
as possible. If CK values > 15 folds the ULN, associated
with myoglobinuria and acute kidney injury, rhabdomyolysis
must be considered and treated (consider to hospitalize the
patient). Regardless, other causes of Rhabdomyolysis must
be excluded: paraneoplastic, infectious, traumatic, toxic and
metabolic causes. After 2 weeks from statin discontinuation,
a dosage of CK should be repeated: values under 10 folds
the ULN should be followed-up, without continuing with
second-level tests. If symptoms do not relieve and CK val-
ues persist to be elevated > 10 folds the ULN after 2 weeks,
an electromyography/electroneurography (EMG/ ENG) and

a musculoskeletal MR should be performed. A suggestive
EMG/ENG shows sign of irritable myopathy, while a typical
MR a diffuse oedema and subcutaneous imbibition, with or
without signs of fibroadipose replacement. If one or both of
these test result inconclusive, the patient should be referred
to the neurologist or rheumatologist for further evaluation.
If suggestive findings are identified at the EMG/ ENG and/
or musculoskeletal MR, the algorithm provides for the auto-
immune panel, including the extended Myositis panel (anti-
Mi2/alpha and beta, anti-DNA, Ku, SRP, PL7, PL-12, EJ,
0], Jo 1, PM-Scl100 and PM-Sc75, Ro-52, NXP2, TIF 1g,
SAE1 and MDAS), anti-SRP and anti-HMGCR Ab. Posi-
tivity of anti-HMGCR defines SIAM, conversely another
form of autoimmune Myositis should be considered (the
autoimmune panel detects the specific Myositis pattern).
Then, a muscle biopsy can establish the diagnosis of certain,
although it is not necessary to reach the clinical diagnosis
of SIAM. Biopsy can identify the necrotizing pattern and/or
inflammatory infiltrates that contribute to define the disease
severity. Immunohistochemistry must be applied to muscle
specimens.

Discussion

SIMS defines a heterogeneous group of clinical presenta-
tions which occur as rare adverse events after the statin treat-
ment. The criteria of the American College of Cardiology
(ACC), the American Heart Association (AHA) and the
National Heart, Lung, and Blood Institute (NHLBI) describe
three types of SIM [14]: (i) Statin-induced myalgia: mus-
cle symptoms without CK elevations, (ii) Statin-induced
myositis: muscle symptoms with CK elevations., (iii) Sta-
tin-induced rhabdomyolysis: muscle symptoms with marked
CK elevations (over ten times the ULN) with an elevated
creatinine value and the occasional presence of brown urine
(myoglobinuria). Statin-induced myositis recognizes at first
a most common cytotoxic mechanism; less frequently an
autoimmune mechanism. The finding of anti-HMGCR Ab
defines SIAM, that is considered a quite different clinical
entity than statin-induced myositis. Whether STAM repre-
sents a more severe clinical presentation of statin-induced
myositis, or it should be considered a subtype of autoim-
mune myositis, remains a topic of scientific debate [7]. The
autoimmune mechanism should be suspected over the more
common cytotoxic mechanism at the persistence of symp-
toms, even after discontinuation of therapy [6]. As shown
by the algorithm, HMGCR-ab negativity in the face of statin
therapy should suggest other forms of myositis including
statin-induced forms with cytotoxic mechanism.

SIAM onset can be acute (days to weeks) or sub-acute
(< 6 months). Generally, symptoms occur after a prolonged
statin treatment and their resolution can be very slow, even

@ Springer



1102 Internal and Emergency Medicine (2023) 18:1095-1107

Table 2 Cumulative data from

- Patients M=39 F=30 TOT=69
the selected casuistry

Age (mean + SD) 64.73+8.35 61.86+9 63.47+8.71

Race
Caucasian 10 (25.64%) 6 (20%) 16 (23.2%)
African 2 (5%) 2 (6%) 4 (5.8%)
African-American 1(2.5%) 1(3.33%) 2 (2.9%)
Haitian 0 (0%) 1(3.33%) 1(1.45%)
American-Indian 4 (10.25%) 2 (6%) 6 (8.7%)
Indian 2 (5%) 0 (0%) 2 (2.9%)
Hispanic 1(2,5%) 1(3.33%) 2 (2.9%)

Comorbidity
Hypertension 27 (69.23%) 20 (66.67%) 47 (68.12%)
Diabetes mellitus 2 19 (48.72%) 14 (46.67%) 33 (47.82%)
Hyperlipidemia 25 (64.1%) 19 (63.33%) 44 (63.76%)
Coronary artery disease 9(23%) 7 (23.33%) 16 (23.2%)
Stroke 3(7.7%) 0 (0%) 3 (43.48%)
Chronic kidney disease 2 (5%) 0 (0%) 2 (2.9%)
Neoplasm 1(2,5%) 1(3.33%) 2 (2.9%)
Neurological disorders 3(7.7%) 5(16.67%) 8 (11.6%)
Reumatological disorders 1(2.5%) 1 (3.33%) 2 (2.9%)

Statin treatment
Simvastatin 5 (12.8%) 9 (30%) 14 (20.28%)
Atorvastatin 34 (87.18%) 24 (80%) 58 (85.5%)
Rosuvastatin 0 (0%) 1(3.33%) 1(1.45%)
Other statins 0 (0%) 2 (6%) 2 (2.9%)
Comulative time in months 53.83+51.84 51.8+47.25 53.04+49.62

(mean + SD)

Initial symptoms
Muscle weakness 33 (84.6%) 29 (96.67%) 62 (89.85%)
Stiffness 1(2.5%) 1(3.33%) 2 (2.9%)
Muscle pain 11 (28.2%) 4 (13.33%) 15 (21.74%)
Simmetric distribution 36 (92.3%) 29 (96.67%) 65 (94.2%)
Dysphagia 6 (15.38%) 4 (13.33%) 10 (14.5%)
Sistolic heart failure 1(2,5%) 1 (3.33%) 2 (2.9%)
Dyspnea 4 (10.25%) 3 (10%) 7 (10.14%)
Dark urine 2 (5%) 0 (0%) 2 (2.9%)
Weight-loss 5(12.8%) 2 (6%) 7 (10.14%)

Muscle-involvement
Proximal muscles 35 (89.74%) 30 (100%) 65 (94.2%)
Distal muscles 14 (35.9%) 10 (33.33%) 24 (34.78%)
Upper limbs 29 (74.34%) 29 (96.67%) 55 (79.71%)
Inferior limbs 34 (87.18%) 29 (96.67%) 63 (91.3%)
Neck 6 (15.38%) 3 (10%) 9 (13.04%)
Minor MRC score (mean &+ SD) 3.36+0.95 277+1.1 3.07+1.03
Minor MRC score (AV) 1 1 1
Muscle atrophy 2 (5%) 2 (6%) 4(5.8%)
Cutaneous rash 1(2.5%) 2 (6%) 3 (4.34%)

Initial CK value (mean + SD) 12,748.63+9956.2 10,201.82+5352 11,616.71+8274.11

EMG/ENG 15/39 16/30 31/69
Denervation pattern 13 (86.67%) 16 (100%) 29 (93.55%)
Re-innervation pattern 4 (26.67%) 2 (12.5%) 6 (19.35%)

Musculoskeletal MR 19/39 14/30 33/69
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Table2  (continued) Patients M=39 F=30 TOT=69
Widespread edema 19 (100%) 12 (85.71%) 31(93.94%)
Adipose-sobstitution 2 (10.53%) 3(11.5%) 5(15.15%)
Biopsy 31/39 21/30 52/69
Necrosis pattern 31(100%) 21 (100%) 52 (100%)
Inflammatory infiltrate 10 (32.25%) 9 (42,85%) 19 (36.54%)
Lymphocyte infiltrate 2/10 (20%) 1/9 (11%) 3/19 (15,7%)
Macrophages infiltrate 8/10 (80%) 8/9 (89%) 16/19 (84,3%)
Anti-HMGCR AB 39 (100%) 30 (100%) 69 (100%)
Anti-SRP AB 0 (0%) 0 (0%) 0 (0%)
ANA 0 (0%) 5 (16.67%) 5(7.24%)
Anti-Ro 1(2,5%) 1 (3.33%) 2 (2.9%)
Anti-Ku 1(2,5%) 2 (6%) 3 (4.34%)
Anti- SCL7 0 (0%) 1(3.33%) 1(1.45%)
Anti-Sm 1(2,5%) 0 (0%) 1 (1.45%)
Anti-MDA 5 0 (0%) 1(3.33%) 1 (1.45%)
Therapy
Steroid 33 (84.6%) 27 (90%) 60 (86.95%)
Methotrexate 12 (30.77%) 17 (56.67%) 29 (42.02%)
IntraVenous Immune-Globulins 25 (64.1%) 15 (50%) 40 (57.97%)
Azathioprine 8 (20.51%) 4 (13.33%) 12 (17.39%)
Cyclophosphamide 4(10.25%) 2 (6%) 6 (8.7%)
Mycophenolate 5(12.8%) 2 (6%) 7 (10.14%)
Rituximab 8 (20.51%) 7 (23.33%) 15 (21.74%)
Tacrolimus 0 (0%) 1(3.33%) 1(1.45%)
SRT in months (mean + SD) 7.88+9.48 16.65 +28.29 12.14 +£20.47
Last CK value (mean + SD) 1440.5+1383.39 312.81+325.32  688.7+972.81

Results from the frequency and descriptive statistical analysis in 69 patients collected from literature (67
patients) and our case records (2 patients)

M male, F female, TOT total, SD standard deviation, MRC Medical Research Council scale for Muscle
Strength (0: no contraction, 1 Flicker or trace of contraction, 2 Active movement, with gravity eliminated, 3
Active movement against gravity, 4 Active movement against gravity and resistance, 5 Normal power), AV
absolute value, ANA anti-nuclear autoantibodies, CK creatine kinase, SRT symptoms resolution time

after several months. The term “prolonged” identifies a
period of continuous statin intake of more than 6 months.
This period was assessed by observing data extrapolated
from the selected articles, in which the shortest time of sta-
tin treatment before symptoms was around 8 months. The
definition of 6 months as "prolonged use of statin" is also
consistent with other publications regarding STAM [15]. The
broad spectrum of clinical manifestations of our patients’
cohort accurately depicts STAM clinic [16]. The algorithm
we propose starts from the recognition of the symptoms
during statin therapy. Symmetric-proximal muscle weak-
ness was referred to as the most common initial symptom
in our cohort.

Atorvastatin resulted the statin being more associated
with STAM in the case series we examined. Also simvastatin
played a relevant role in SIAM, although prevalence rates
were 20.28 vs 85.5% of atorvastatin, respectively (Table 2).
Although a formal statistical analysis was not possible with

the collected data, these suggest a more frequent occurrence
of SIAM with atorvastatin, than with other statins. Simvas-
tatin and atorvastatin have a predominantly hepatic metabo-
lism and are metabolized by cytochrome CYP3A4, releasing
their metabolites into plasma. This metabolic pathway lends
itself to multiple interactions with drugs metabolized by the
CYP3A4 pathway. Simvastatin and Atorvastatin also have
greater lipophilic properties and penetrate peripheral tissue
cells better as well as liver cells. Rosuvastatin, along with
fluvastatin and others, is only partially metabolized via the
cytochrome CYP2C9 pathway. Rosuvastatin is excreted both
via bile and urea and also exhibits hydrophilic properties.
These chemical characteristics result in a reduced penetra-
tion of Rosuvastatin into peripheral tissues [16].

The Medical Research Council (MRC) scale for Mus-
cle Strength represents the most frequent adopted crite-
rion to clinically describe the grade of muscle affection (0:
no contraction; 1: flicker or trace of contraction; 2: active
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Fig.3 Diagnostic flow-chart of SIAM

movement, with gravity eliminated; 3: active movement
against gravity; 4: active movement against gravity and
resistance; 5: normal power) [18]. Lower values at the MRC
score have been noticed in females than males (2.77 vs 3.36,
respectively); in addition, a recurrent denervation pattern at
the EMG/ENG, adipose substitution at the MR, presence of
ANA Ab (in addition to anti-HMGCR Ab) and larger inflam-
matory infiltrates at biopsy suggest a more severe disease in
female patients. Women notoriously have a predisposition
towards autoimmunity and it probably gives them an addi-
tional risk factor to develop SIAM and/or to present a more
severe disease.

@ Springer

Once SIAM is suspected, CK assay is mandatory. Val-
ues > 10 folds the ULN are suggestive of STAM and statin
therapy must be stopped as soon as possible. As an addition
to the only available proposed algorithm [8], we propose
a shorter interval between the first CK assay and the sec-
ond evaluation (2 vs 8 weeks) with the aim to anticipate the
suitable treatment as soon as possible. CK values > 15 folds
the ULN in association with acute symptoms are suggestive
of rhabdomyolysis, so our algorithm proposes to directly
treat/hospitalize the patient. If the CK < 10 the ULN, the
algorithm recommends follow-up. The algorithm consid-
ers an individualized and patient-tailored management in
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terms of timing, and follow-up schedule. The algorithm also
emphasizes the exclusion of other causes of rhabdomyolysis
(paraneoplastic, infectious, traumatic, toxic and metabolic
causes).

In addition, we propose to add the EMG/ENG and muscu-
loskeletal MRI to the diagnostic workup before proceeding
with the antibody assay. These tests allow us to document
the organ damage of myositis and contribute to define the
severity of the organ damage itself. EMG/ENG is altered in
different forms of myositis and shows signs of irritable myo-
pathic pattern with signs of denervation [19]. EMG/ENG
also makes it possible to differentiate inflammatory forms
of myositis from other forms of muscle weakness, includ-
ing weakness associated with steroid use. However, EMG/
ENG does not allow differentiation between the subtypes of
myositis. It is also useful for evaluating 'acute' versus chronic
forms of myopathies [20].

MRI with STIR sequences has a sensitivity of 89-100%
for detecting inflammatory changes, which is higher than
muscle biopsy at 66% [21, 22], while MRI specificity is
estimated around the 80-88% against the specificity of
100% for muscle biopsy [23]. The musculoskeletal MR of
the involved limbs typically shows symmetrical and diffuse
intramuscular and intrafascial oedema in anterior, medial
and posterior compartments of the affected muscles. In addi-
tion to oedema, other pathological changes may occur within
the muscle as a consequence of the chronic inflammatory
myopathic process, including loss of muscle bulk (atrophy),
fatty involution or replacement with connective tissue. The
necrotizing form of SIAM is characterized by more wide-
spread muscle involvement and signs of fibroadipose substi-
tution [21]. However, it must be emphasized that MRI alone
cannot discriminate between the various forms of myositis
but needs to be corroborated by the other clinical elements
(symptoms, ck, autoantibodies, etc.).

If EMG/ ENG and/or musculoskeletal MR are compatible
with SIAM, the next step consists of the analysis of autoan-
tibodies patterns, including the extended myositis panel
(anti-Mi2/alpha and beta, anti-DNA, Ku, SRP, PL7, PL-12,
EJ, OJ, Jo 1, PM-Scl100 and PM-Sc75, Ro-52, NXP2, TIF
1g, SAE1 and MDAS) and anti-HMGCR Ab, necessary to
make a differential diagnosis between SIAM and other forms
of autoimmune myositis [24]. Anti-HMGCR Ab always
results negatively in Polymyositis (PM), Dermatomyositis
(DM) and Inclusion body Myositis (IBM) [25]. Necrotiz-
ing myositis (paraneoplastic syndrome, drugs, toxicity and
other) can mime SIAM, showing the presence of anti-SRP
Ab and/or anti-HMGCR Ab regardless of the absence of
statin exposure [10-23].

ANA are usually detected in PM, DM and IBM but their
positivity is inconclusive in SIAM. Among the described
cases, ANA positivity was found only in 5 females out of 69
patients. An uncommon finding is a weak anti-Ku positivity.

This was found in both cases described in this report and
in one additional case previously described in which ANA
were also positive [26]. Currently, no clinical significance
can be attributed to this finding.

Muscle biopsy is the last step to support the diagnosis
Biopsy is able to assess the various forms of inflammatory
myositis and to distinguish these from necrotizing forms. It
also permits to assess of the degree of severity of the pathol-
ogy by highlighting the type of inflammatory infiltrate.
Being biopsy invasive and not always easy to perform, it
becomes useful to confirm the diagnosis and it is reserved for
doubtful cases [20]. Cellular infiltrate is composed largely of
macrophages over the CD4+4 and CD8+ lymphocyte popu-
lation (macrophages probably play a role in tissue repair).
The hematoxylin and eosin staining of a paraffin-embedded
specimen reveals abundant myophagocytosis [27]. Diffuse
or multifocal up-regulation of MHC I molecules is common.
Nevertheless, sarcolemmal MHC I staining appears to be
particularly specific to STAM, such as staining is only rarely
noted in metabolic or genetic muscle disorders [28].

In some patients, muscle weakness persisted even after
the muscle enzyme levels have returned within the normal
range [27]. Symptoms resolution time (SRT) had required
a mean duration of 12.14 months, longer in females
(16.65 months) than in males (7.88 months). The last one
data confirms the suggestion of more severe disease in
females than in the male group.

Once few consensus and/or diagnostic criteria for myosi-
tis have been assessed and only a single diagnostic algorithm
specific for SIAM has been published in 2016 [8]. Moreover,
given the continuous modernization of imaging/instrumen-
tal techniques, few diagnostic criteria for myositis take into
account them. For example, the MRI finding of oedema on
STIR imaging has been inserted as one of the variables of
the European Neuro-Muscular Centre classification criteria
from myositis of 2004 [29] but it has been recently excluded
by the diagnostic criteria of the International Myositis Eval-
uation and Clinical Trials Group (IMACS) of 2016, as MRI
was not widely used in the study population from which
the criteria variables were derived [30]. Our algorithm is
also updated to include the most modern diagnostic/imaging
techniques in the diagnostic pattern-.

However, to date the study presents many limits. Once
the study is not designed as a ‘systematic review’ of the
literature, the methodological quality of the work was not
assessed and we have not applied statistical analyses as we
disposed only data extrapolated by articles but not the raw
data. In fact, this does not allow us to provide clear asso-
ciations/correlations between the various clinical elements
of SIAM examined to date. Moreover, this work does not
deal with the topic of SIAM therapy. The reviewed data did
not allow to make a clear statement on treatment options.
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Further works have to be done to provide treatment guide-
lines to the medical community.

In conclusion, we think that our “experience-based
algorithm” can provide a modern and flexible tool to early
achieve a diagnosis of SIAM as specific as possible, adding
a relevant contribution to the current clinical practice in the
management of STAM.

The different clinical presentations of STAM, and the
diagnostic-therapeutic approaches described in the various
studies that we have reviewed, provide the scientific commu-
nity a clarifying contribution to this not fully acknowledged
clinical entity. As a final consideration, the take-home mes-
sage should be to monitor closely any symptoms occurring
during statin treatment so as to recognize and treat adverse
events as early as possible.
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