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Abstract: Myopathies are characterized by a diverse clinical picture affecting the skeletal muscle
which includes weakness, fatigue and pain. Acquired myopathies are given importance because
treatment is readily available however, some inherited myopathies can be treated as well. These
myopathies can be grouped by etiology into infectious myopathies, autoimmune myopathies, gran-
ulomatous myopathies, metabolic myopathies, skeletal muscle channelopathies and Duchenne
muscular dystrophy. Infectious myopathies are caused by microbiological agents. Autoimmune my-
opathies result from immunologic disorders causing inflammatory changes in the muscle. Granu-
lomatous myopathy is associated with non-caseating granulomatous inflammation. Metabolic my-
opathies are caused by abnormal metabolic processes in the myocytes. Drug-induced myopathies
are acute or subacute onset of muscle weakness after intake of a certain medications even at thera-
peutic doses. Critical illness myopathy stem from sepsis syndrome with failure to wean from respi-
rator. Rhabdomyolysis is an acute myopathy, which is an urgent complex condition that involves
rapid dissolution of damaged skeletal muscle. Skeletal channel myopathies are due to dysfunctions
in the ion channels of the muscle. Duchenne muscular dystrophy is a genetic condition characterized
by mutations in the dystrophin gene, resulting in pathologic muscle wasting. Therapies abound in
myopathies as these are targeted in Infectious, Granulomatous and Autoimmune Myositides. In-
cluded in treatable myopathies are certain metabolic myopathies, rhabdomyolysis, periodic paraly-
sis, critical illness myopathy and drug-induced myopathies. Symptomatic therapies are applied in
channelopathies of muscle and dystrophinopathies can be potentially treated nowadays. Comple-
mentary rehabilitation practices are part of the management regimen.
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1. Introduction:

Neuromuscular disorders (NMD), with a muscle weakness manifestation, are
grouped under lower motor neuron syndrome (LMN). Disorders in the clinics classically
depend on the level affected - motor neuron (neuronopathies), nerve root/plexus
(radiculo-plexus neuropathies), individual peripheral nerves (focal/multi-focal/diffuse
polyneuropathies), neuromuscular junction (NM] disorders), and muscle (myopathies).
This present review starts with a clinical approach in NMD, and thenceforth, focus on
myopathies and those that are treatable.

A. Clues in NMD History taking:
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Like other neurologic disciplines, some special aspects of history taking need to be
remembered. The onset of which symptoms is crucial (e.g. acute onset, symmetry of limb
weakness), as are the appearance of new symptoms over time, including the precipitating
factors or which activities have been curtailed thereafter. A chronic progressive course or
one which is diurnal and fatigue-related, and exercise intolerance are important consider-
ations. Past or co-morbid illnesses, with a detailed medication list, as are personal and
baseline functioning, should be elicited. A caveat is that patients may have been suffering
from NMD for a long time that their disabilities induce negative or difficult attitudes to-
ward the disease. Deriving 3-generation family history of NMD, carved in a genogram is
ideal, so as to ascertain autosomal dominance, yet not to waylay consanguinity in refer-
ence to autosomal recessive inheritance and certainly, the x-linked disorders. Challenges
in family history ascertainment include: early loss of family members, single child, adop-
tion, intra-familial variations and disease formes frustes that may occur.

B. Clues in NMD General examination:

The co-existence of cardiomyopathies and arrhythmias point to inherited myopathies
such as dystrophinopathies, limb-girdle muscular dystrophies (LGMD), myotonic dystro-
phies and Andersen-Tawil syndrome. Metabolic glycogen and lipid storage myopathies
may present with hepatosplenomegaly. Inherited neuropathies may present with skeletal
deformities like pes cavus and kyphoscoliosis. Deafness, retinitis pigmentosa and short
stature allude to mitochondriopathies. Joint laxity with or without contracture indicate
collagenopathies like Ullrich disease. Skin Rashes and ‘mechanic’s hands” point to im-
mune-mediated disorders, like Dermatomyositis, while skin pigmentation points to PO-
EMS (Polyneuropathy, Organomegaly, Endocrinopathy/edema, M-proteinemia and Skin
changes), adrenal failure or B12 deficiency. Palm and sole hyperkeratosis are noted in toxic
neuropathies, (e.g., arsenic toxicity, and their nails show Mee’s lines). Autonomic neurop-
athy is considered in cases with hair loss of distal limbs, as are cold feet and hands.

C. Clues in NMD Neurologic examination:

Clinical clues include asking the patient to stand erect and walk normally to observe
for ataxia (e.g. sensory ataxia in Romberg’s test), to walk on heels and toes (for distal-
dominant weakness), to rise from a chair or ground, and lift arms overhead (for proximal-
dominant weakness); Weakness of the knees results in hyperextension of the knee, the
genu recurvatum and high steppage gait points to foot drop (whether symmetric or asym-
metric); Exaggerated lordosis and protuberant abdomen point to truncal muscle weakness
and waddle to gluteal weakness. Scapular Winging from atrophy can be elicited by asking
patient to outstretch both upper limbs and rest palms on a wall. Facial weakness (unilat-
eral/bifacial, by way of drooping/lagging in facial expression and mimic movements), jaw
bite and deviation, tongue at rest (for atrophy and fasciculations) and protrusion (for de-
viation). Specific eye movement impairment (ptosis/weak eye movements [EOM]), includ-
ing eye closure observed in sleep) are helpful clues. There is clinical benefit observing for
muscle hypertrophy (best seen in gastrocnemius, hip, shoulder and elbow movers), for
preferential muscle group/myotomal atrophy, and for abnormal movements like fascicu-
lations (brief scattered twitches at irregular intervals; usually seen in chest, shoulder, up-
per back, proximal limbs and tongue), myokymia (muscle quivering, undulating and
slower contraction of muscle strips), and rippling muscles (provoked by mechanical stim-
uli and stretch). Neck muscle weakness (especially in flexion), be useful test, as will the
classic manual muscle examination hinged on specific proximal and distal joint movers.
Deep tendon Reflexes/DTRs, using a reflex hammer, be important not only for reflex sym-
metry but also to weed out upper motor neuron [UMN] signs. In addition to grip myoto-
nia, a reflex hammer is also used to elicit percussion myotonia by tapping the thenar em-
inence and find delayed relaxation. Basic sensory examination will assist in eliminating
neuropathic disorders.
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Table-1 presents an algorithm that can serve as a guide in the localization of the
lesion when confronted with a patient with muscle weakness. Foremost clinical approach
is to ensure that weakness is not attributable to central or associated long tracts (i.e., with
UMN signs) like spasticity; or with bradykinesia and rigidity (i.e., in Parkinsonism); or
with cerebellar ataxia. Despite astute observations and work-up, if the clinical manifesta-
tions cannot be accounted to the aforementioned levels, then the case could be a functional
neurological disorder (FND).

Table 1. Clinical approach to Muscle weakness.

Muscle weakness?

-YES (but NO UMN signs, Parkinsonism and Ataxia)

-YES (but NO local bone, joint and tendon pains)

-YES (but NOT feigned as in Functional Neurological Disorder)

>Assess STEP-1: History, physical/systemic and neurologic examinations

I. Is there SENSORY involvement?

A. YES, With sensory involvement (Deficits/Neuropathic pain)

1. Neuronopathy: Herpes Zoster, B6 toxicity, Paraneoplastic syndrome

2. Neuropathy: Asymmetric Peripheral (Radiculopathy, Plexopathy, neuropathy [Hansen’s, Vasculitic,
compressive/trauma, diabetic, Bell’s palsy, Sarcoidosis); vs Symmetric Peripheral (Metabolic [diabetic, ure-
mic], Infectious [Lyme’s, HIV, COVID19], Post-infectious/vaccinal/Autoimmune [GBS/CIDP, COVID19
vaccine], Paraproteinemic, Paraneoplastic, Toxic [drugs, heavy metal] and Hereditary [CMT, Amyloidosis,
Fabry’s])

B. NO sensory involvement

1. Neuronopathy: Symmetric (SMAs); vs Asymmetric/Segmental (Poliomyelitis, Hirayama Disease; and
MND [ALS if w/ UMNSs])

2. Neuropathy: MMN

3. NMJ: MG, CMS, LEMS, BTX (Botulism)

4. Myopathy: Proximal-dominant (Muscular dystrophies, Limb-girdle Syndromes (LGMD), Congenital my-
opathies, Muscle Channelopathies, Inflammatory [infectious, autoimmune], Toxic [drugs], and Metabolic
myopathies [Hypokalemia, Thyroid, Glycogen and Lipid Storage]); vs Distal-dominant (Distal Myopathies,
Myotonic dystrophy, IBM)

>Assess STEP-2: Pattern Recognition

II. Is there FACIAL Muscle Weakness?-YES

1. Neuronopathy: Kennedy’s Disease

2. Neuropathy: Asymmetric (Bell’s Palsy, Diabetic, Sarcoidosis, Hemifacial spasm); vs
Symmetric (GBS, CIDP)

3. NMJ: MG, CMS

4. Myopathy: FSHD, Myotonic dystrophy, Central Core disease, Mitochondrial disease

II1. Is there OCULAR and/or PHARYNGEAL Muscle Weakness?-YES
1. Neuronopathy: ALS, Kennedy’s Disease
2. Neuropathy: GBS (Miller-Fisher and Pharyngeal-Cervical-Brachial variants), CIDP,
Diphtheric neuropathy
3. NMJ Dis: MG, CMS, LEMS, BTX
4. Myopathy: Inflammatory myopathy (autoimmune; Pharyngeal), Myotonic dystrophy (Ocular), Centro-
nuclear myopathy (Ocular), OPMD, OPDM, Thyroid (ocular) and Mitochondrial disease
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>Assess STEP-3:Is Weakness related to Fatigue and Exercise

IV. Is Weakness EPISODIC and FATIGUE-RELATED?-YES

1. NM] Dis: MG, CMS, LEMS, BTX

2. Myopathy: Hypokalemic Periodic Paralysis, Thyrotoxic Periodic Paralysis, Andersen-Tawil syndrome,
Glycogen storage diseases

V. Is there MYALGIA and/or Exercise-induced CRAMPS?-YES

1. Neuronopathy: ALS, Kennedy’s Disease, Post-polio syndrome

2. Neuropathy: Radiculopathy, Diabetic and Uremic neuropathies, CMT, Isaac’s dis

3. NMJ: BTX

4. Myopathy: Rhabdomyolysis, Inflammatory myopathy (autoimmune), Myotonic dystrophy, Muscle
Channelopathies, Toxic (drugs), Metabolic (Thyroid, Glycogen and Lipid Storages dis) and Mitochondrial
diseases

VI. Is there Clinical MYOTONIA (Grip/Percussion)?-YES
1. Neuropathy: Isaac’s syndrome (grip myotonia)
2. Myopathy: Myotonic Dystrophy and Muscle Channelopathies (Grip & Percussion)

Abbreviations:

UMN: Upper motor Neuron; GBS/CIDP: Guillain Barre Syndrome/ Chronic Inflammatory Demyelinating
Polyneuropathy; CMT: Charcot-Marie tooth disease; SMA: Spinal Muscular Atrophy; MND: Motor Neu-
ron Disease; ALS: Amyotrophic Lateral Sclerosis; NM]J: Neuromuscular Junction; MG: Myasthenia Gravis;
CMS: Congenital Myasthenic Syndrome; LEMS: Lambert-Eaton Myasthenic Sydnrome; BTX: Botulism;
IBM: Inclusion Body Myositis; FSHD: Facioscapulohumeral Myotonic dystrophy; OPMD: Oculopharyn-
geal Muscular dystrophy; OPDM: Oculopharyngodistal myopathy.

The Myopathies characteristically present with symmetric, proximal-dominant skel-
etal muscle weakness, sometimes accompanied by fatigue and pain. However, there are
distal myopathies which are of genetic causes. The acquired and acute myopathies are
given importance because treatment is readily available however, some inherited myopa-
thies can be treated as well. These treatable myopathies can be grouped by etiology into
infectious myopathies, granulomatous myopathies, autoimmune myopathies, metabolic
myopathies, skeletal channel myopathies, and Duchenne muscular dystrophy (DMD). To-
tal creatine kinase (CK) elevation beyond 1000U/L is a good biomarker for myopathies,
but may not necessarily be high in a chronic state or in some disorders. Although a myo-
pathic electrodiagnosis may be established by showing electromyographic (EMG) brief,
low amplitude polyphasic potentials, early recruitment and whether or not coupled with
irritative potentials, this diagnostic test specificity is low. Nowadays, muscle imaging by
ultrasound and magnetic resonance imaging (MRI) are helpful tools in sorting myopa-
thies. An algorithmic classification of treatable myopathies and recommended diagnostic
work up is made in Figure 1. Not to be missed treatable myopathies are periodic paralysis,
rhabdomyolysis and those that occur in the intensive care.
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Figure 1. Classification of treatable myopathies and work-up.

2. Infectious myositis

Myositis is characterized as inflammation of the muscle, and though the muscle is
relatively resistant to infection, there are still a wide array of organisms that may cause
disease including viruses, parasites, bacteria and fungi [1]. The clinical course may be var-
ied from acute, subacute or chronic and may be accompanied by other systemic manifes-
tations like fever, rash and thrombosis. Aside from viral myositis, hematogenous spread
and direct invasion like trauma, surgery, exposure to contaminated soil play important
roles. Immunosuppression also increases susceptibility to some bacteria and fungal or-
ganisms. Focal muscle involvement is evident from these infections however may still
spread to other areas if microbial load is overwhelming. For viral myositis, generalized
muscle weakness and fatigue is more common and since the covid 19 pandemic there have
been reports of acute and post-infectious muscle involvement [2]. The diagnosis of myo-
sitis depends not only on the clinical picture and perhaps imaging but confirmation by
serologic tests and cultures are vital. This should be the case because therapy is dependent
on the underlying pathogen.

A. Viruses are a common cause of infectious myositis. The mechanisms involve di-
rect cytopathic effect, formation of immune complexes, and immune dysregulation. Mus-
cle damage on the other hand is mainly due to direct myotoxic effects. Due to the trophic
property to immature muscle cells, the disease is more common in children. Viral myositis
can lead to manifestations of myalgia, symmetric weakness, and may also be associated
with rhabdomyolysis. Viral etiology is suspected when muscle weakness develops after
an antecedent gastrointestinal or respiratory infection.

Viral myositis is mostly caused by influenza A, influenza B, Coxsackievirus, Epstein-
Barr virus and presents with myalgia, fatigue and rhabdomyolysis. Since the COVID-19
pandemic, there has been reports on myositis related to SARS-Cov-2 infection. Factors
that may contribute to the weakness and fatigue includes prolonged hospitalization, mal-
nutrition, disuse and hypoxemia [1]. Direct muscle invasion with activation of an adaptive
immune response with angiotensin-converting enzyme ACE2 receptor mediated viral en-
try induces myositis in COVID-19 patients [3]. According to recent literature [4], rhabdo-
myolysis has been reported in both adult and pediatric individuals infected with COVID
19. The pathogenesis involves myotoxic cytokines. Myositis from covid-19 vaccination has
been reported as well. Muscle weakness and fatigue are also seen in 50-60% of patients six
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months after the initial infection [3]. CK elevation with muscle weakness is present. Pa-
tients who are admitted to the intensive care unit with severe COVID-19 infection showed
a 30% decrease in cross-sectional area of the rectus femoris, with a decreased thickness of
the quadriceps muscle after 10 days. Physical therapy should be done to prevent further
atrophy of muscles [4]. Anti-Covid19 viral therapy (e.g. Ritonavir and Nirmatrelvir, in
addition to previous Remdisivir and Molnupiravir) and vaccines are available to combat
and prevent the illness, respectively. Keen management attention to respiratory (mainly),
cardiac and neurologic complications should figure into the therapeutic regimen.

The endemic chronic retroviral infections like Human T-Lymphotrophic Virus, Type
1 (HTLV-1) have been reported to lead to myositis. From muscle biopsy specimens, HTLV-
1 in CD4+ cells have been found but not in macrophages. This finding suggests that most
of the HTLV-1-containing CD4+ cells are not macrophages but lymphocytes [5].

Medications tried in HTLV-1 infections (myositis included) lack systematic studies
and are an array of steroids, Interferon, Danazol, high dose Vitamin C, Azathioprine and
anti-virals employed in Human Immunedeficiency Virus (HIV) infection (e.g. Lamivudine
and Zidovudine [the latter drug causes mitochondrial toxicity leading to myopathy too]).
HIV itself can take the form of myopathy, infiltrative lesions and rhabdomyolysis. HIV
associated myositis has a good prognosis especially upon prompt recognition and treat-
ment initiation.

B. Bacterial infections of the muscle are mostly caused by direct invasion from
trauma spreading hematogenously. The most common cause of pyomyositis is due to
Staphylococcus aureus infection [6]. Presenting signs and symptoms include focal pain
and tenderness of the affected muscle, fever and even abscess formation and if left un-
treated may lead to osteomyelitis, endocarditis and sepsis. It is also important to note that
common findings in soft tissue infections like lymphadenitis and focal erythema are not
seen in cases of pyomyositis. Most pyomyositis cases involve a single group of muscles
however in 10-20% there is diffuse muscle involvement. Different S. aureus strains can
secrete several exotoxins and those that cause toxic shock syndrome are due to T-cell ac-
tivation and massive cytokine activation. Infections due to Group A B-hemolytic strepto-
coccus are less common but more severe and may cause necrotizing fasciitis and strepto-
coccal toxic shock syndrome. It is an opportunistic organism common amongst diabetics
and immunocompromised individuals. An early key finding is an increased amount of
pain disproportionate to the observed lesion [7]. Polymicrobial infections is also common
in the setting of vascular insufficiency and penetrating wounds. Gram stain and aerobic
and anaerobic cultures should be done immediately for directed antibiotic therapy. Peni-
cillins, Cephalosporins, and Vancomycin with the addition of Gentamicin and Clindamy-
cin should be started even without culture results. Where necessary, surgical drainage of
pus should be performed alongside IV antibiotics.

C. Parasitic myositis [8] should be suspected in patients with muscle aches, history
of travel to endemic areas, and ingestion of undercooked meat. The most common cause
of which include Taenia solium, Trichinella species and Toxoplasma gondii but other par-
asites may also encyst in the skeletal muscle tissue. Parasitic invasion of the muscle causes
weakness, swelling and myalgia. A finding of eosinophilia and elevated CK, erythrocyte
sedimentation rate and C-reactive protein are usual. Biopsy of an affected muscle, usually
a swollen deltoid or gastrocnemius, will confirm the diagnosis but serologic tests are also
available. Taenia solium or pork tapeworm is acquired from ingesting T. solium eggs from
undercooked pork and may not only cause gastroenteritis but dissemination of larvae via
the bloodstream may infect other organs including the muscle leading to Cysticercosis. It
is also known to cause Neurocysticercosis once it reaches the central nervous system and
is one of the most common causes of adult-onset seizures. It is said that there is muscle
involvement in 75% of Neurocysticercosis patients. The lesions appear as small rounded
calcifications in the muscle of the arm or thigh. Stool examination will reveal tapeworm
eggs and confirmation can be made by serologic tests such as ELISA. Trichinella larvae on
the other hand may cause chronic infections in the muscle. Trichinosis also occurs with
ingestion of encysted larvae from undercooked boar, pork or dog meat. Muscle damage
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from this condition result from the parasite making a capsule inside the muscle, thereby
eliciting a process of repeated regeneration, degeneration and necrosis. Serologic tests are
done with anti-trichinella IgG antibodies. Protozoal Toxoplasmosis from T. gondii cysts
can be ingested from food contaminated with oocysts from cat feces and may infect the
muscles. Immunosuppressed persons are more vulnerable to this infection with low CD4
counts. IgG antibodies to T. gondii should also be requested. Treatment of the muscle in-
volvement include specific medications (e.g. Praziquantel, Albendazole, Mebendazole for
helminthic and Pyrimethamine, Sulfadiazine, Atovaquone for Protozoal infections), and
where necessary, alongside surgical removal of the lesion may be done.

D. Fungal myositis is most often associated with immunocompromised patients. A
single muscle or group of muscles are affected because of an abscess formation. The clin-
ical presentation is similar to bacterial myopathies. A definitive diagnosis requires a his-
topathological examination, serology and culture. Management includes surgical debride-
ment and systemic antifungal agents. Candida is the most common fungus that causes
myositis. Risk factors include use of broad-spectrum antibiotics, immunosuppressive
drugs, and severe neutropenia that manifests with diffuse muscle tenderness accompa-
nied by rash and fever. On histologic examination, budding yeast and pseudohyphae can
be seen. Cryptococcus myositis is uncommon and is found in diabetic and immunocom-
promised patients presenting with a disseminated cryptococcal disease. Histologic exam-
ination by using mucicarmine or Alcian blue stains would reveal typical intracytoplasmic
yeasts with a mucopolysaccharide capsule [6]. Histoplasmosis rarely causes myositis after
inhalation of dimoprhic fungi post-dissemination to the lungs. Histologic examination
will show ovoid yeast cells, which can be detected using Gomori-methenamine or Grocot
silver stains. Coccidioidomycosis is also a rare cause of myositis and manifestations in-
clude rash, arthropathy, and severe myositis. Diagnostic examination with histopathology
reveal spherules filled with endospores. Therapeutic anti-fungal regimens include Am-
photericin B and Triazoles (Fluconazole, Itraconazole, Voriconazole, Ravuconazole) in
parenteral and/or oral forms. The Echinocandins may be used such as Caspofungin, Mi-
cafungin, as are the Antimetabolites like Flucytosine.

3. Autoimmune myositis

Autoimmune myositis is probably considered the largest and the most heterogenous
group of treatable myopathies. Recent classification relies not only upon clinical and
pathological data but also use of immunologic markers. To date, this group of myopathies
are subdivided into either dermatomyositis, inclusion body myositis, immune-mediated
necrotizing myopathy and antisynthetase syndrome (see Table 2). The clinical picture of
proximal muscle weakness such as climbing up stairs or raising both arms associated with
dermatologic and pulmonary manifestations are not unusual. However, in inclusion body
myositis, distal muscles are more affected, asymmetric at that. Although important path-
ologic information is obtained from muscle biopsy, testing for autoantibodies (i.e. myo-
sitis-specific and myositis-associated antibodies) has come into play to differentiate some
of these diseases.

Table 2. Autoantibodies in autoimmune myositis.

Anti-nuclear matrix protein Associated with subcutaneous calcinosis and typical skin
(NXP 2) lesions of dermatomyositis, common in children
Anti-transcription intermedi- Associated with increased risk of malignancy and typical
ary factor 1Y (TIF1-Y) skin lesions of dermatomyositis
Anti-melanoma differentia-
tion associated gene 5 (MDA
5)

Associated with atypical skin lesions and rapidly progres-
sive interstitial lung disease
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Anti-complex nucleosome
remodeling histone deacety-
lase (Mi-2)
Anti-small ubiquitin- like

Associated with typical skin lesion of dermatomyositis,
Clinical course is benign

e o Associated with typical skin lesions of dermatomyositis
modified activating enzyme

(SAE) with mild myopathy
Immune mediated necrotizing myopathy
Associated with statin intake but may seen in statin-naive
Anti-HMGCR patients especially in Asian countries, better response to
immunosuppression
Anti-SRP Associated with more severe muscle weakness, poor treat-

ment response
Inclusion body myositis
Anti cystosolic 5’ nucleo- Associated with weakness in finger flexors and knee exten-
tidase 1A sors
Antisynthetase syndrome
Anti-Jo1l (Antihistidyl)
Anti-PL7 (Antithreonyl)
Anti-PL 12 (Antialanyl)
Anti-O]  (Antiisoleucyl)
Anti-E]  (Antiglycyl)

: - . Associated with fever, ILD, arthritis, Raynaud’s phenome-
Anti-KS  (Antiasparaginyl)

non and mechanic’s hand
Anti-Zo  (phenylalanyl)

Anti-Ha  (Antityrosyl).

A. Dermatomyositis may be seen in children or adults and is characterized by a sub-
acute insidious proximal muscle weakness and cutaneous manifestations such as perior-
bital edema, heliotrope rash, Gottron’s sign, V-sign and Shawl sign. Recent clinicopatho-
logic subtypes include Clinically amyopathic dermatomyositis (CADM) wherein classic
dermatomyositis skin lesion is present but without muscle involvement, Dermatomyositis
sine dermatitis wherein there is clinical and pathologic evidence of dermatomyositis how-
ever without any skin lesions and Juvenile dermatomyositis (JDM) in those less than 18
years of age [9]. It is believed that myxovirus resistance protein (MxA), on immunohisto-
chemical stain, is a highly specific and sensitive marker for dermatomyositis. MRI of the
muscle will show fascial edema [10]. Perifascicular atrophy is shown on muscle biopsy as
the key histopathological feature of dermatomyositis. While this feature is highly specific,
the sensitivity remains low at roughly 25-50% [11]. The cellular infiltrate is perivascular,
typically consisting of macrophages, B cells, CD4 cells, and plasmacytoid dendritic cells.
Total CK levels are commonly elevated, and patients may also have various circulating
antibodies, each with their own implications. Anti-Mi2, anti-SAE, anti-MDAJ5, anti-TIF1,
and anti-NXP2 are likely specific for dermatomyositis [12]. The prognosis of patients with
dermatomyositis is overall good, with the literature claiming a 70%-93% survival rate at 5
years. However, the rate decreases in the presence of poor prognostic features [10].

B. Immune-mediated necrotizing myopathy (IMNM) is a type of myositis included
in the newest classification schemes for the inflammatory myopathies. It is often distin-
guished by the following features: relatively severe proximal weakness, myofiber necrosis
with minimal inflammatory cell infiltrate on muscle biopsy, and infrequent extra-muscu-
lar involvement. IMNM is a diverse group in itself, and comprised of Anti-SRP myopathy,
anti-HMGCR myopathy, and autoantibody-negative IMNM. According to a study [13],
there is an increase in the incidence of IMNM associated with statin use. In the study, most
of the patients with IMNM seen in 2012-2014 were treated with statins and all but one had
anti-HMGCR antibodies, which corroborates the likely role of statins in the pathogenesis.
The age at which it is prevalent typically ranges from 30 to 70 yeras, but the pediatric


https://doi.org/10.20944/preprints202306.0076.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2023 d0i:10.20944/preprints202306.0076.v1

population is not an exception. The pathogenesis of IMNM is likely related to an immune
response possibly triggered by drug therapy (statins), viral infections, or cancer. The path-
ophysiological mechanisms are still unclear, but a specific genetic background has been
identified (HLA-DRB1*11:01 allele in adult patients with anti-HMGCR autoantibodies)
and autoantibody production is a major feature of the disease, particularly anti-SRP and
anti-HMGCR [14]. The main presentation of IMNM is subacute severe symmetrical prox-
imal myopathy with a markedly elevated CK level. Clinically, this would manifest as
slowly progressive proximal muscle weakness leading to difficulty in moving from a sit-
ting position, climbing stairs, or lifting objects. There is also possible involvement of the
neck flexor, pharyngeal, and respiratory muscles. Other manifestations include fatigue,
weight loss, dysphagia and dyspnea. Interstitial lung disease (ILD) and cardiac involve-
ment have also been reported (especially in those with anti-SRP antibody). Treatment is
aimed at the underlying cause, such as statin withdrawal, or co-morbid malignancy. There
is good response to multiple-agent, long-term immunosuppressive therapies starting at
high dose corticosteroids. It is said that IMNM is the most severe idiopathic inflammatory
myopathy when it comes to muscle damage, and frequent relapses, to chronicity could be
expected [15].

C. Inclusion body myositis (IBM) is a slowly progressive muscle disease affecting
older patients aged 45-50 years old and above and is more common in men. It presents
with asymmetric muscle weakness affecting the distal muscles more than the proximal
ones. The knee extensors and long finger flexors are usually involved. Atrophy of the mus-
cles is also present early on in the disease. Rimmed vacuoles are usually seen in muscle
biopsy specimens however this finding is not specific for this disease but along with TDP-
43, p62 and valosin containing protein (VCP) positivity, indicates ongoing degeneration.
There is usually lymphocytic infiltration surrounding non-necrotic muscle fibers. IBM
may also present with facial weakness and dysphagia may occasionally occur. IBM is con-
sidered to be an autoimmune and degenerative disease. The HLA locus is said to be the
strongest risk alleles in the development of IBM. Its locus contains genes that encode MHC
class I and II. The presence of endomysial infiltration with plasma cells and CD8+ T lym-
phocytes as well as MHC I expressing fibers indicate an autoimmune mechanism. A
highly diagnostic biomarker for this myopathy is when antibodies that are targeting cN-
1A or cytosolic 5 -nucleotidase 1A are detected in the blood [9,11]. Genetics investigations
are well on their way to better understand the disease pathomechanism and possible new
potential therapies. Some studies show that mitochondrial aging in muscle is faster in
those with sporadic IBM, and this is due to the large mtDNA deletions and duplications
in patients compared to controls. A study found that TOMMA40 or very long poly-T repeat
allele of the mitochondrial protein translocase of outer mitochondrial membrane 40 in-
tronic polymorphism had a disease onset much later in life [16].

D. Antisynthetase syndrome (ASS) is a rare idiopathic inflammatory myopathy
mainly distinguished by myositis, generally symmetrical arthritis and ILD in association
with serum autoantibodies to aminoacyl-transfer RNA synthetases (anti-ARS). It is asso-
ciated with highly variable features, including arthralgia, Raynaud phenomenon, helio-
tropic rash, distal esophageal dysmotility and mechanic's hands. ASS is more frequent in
females, with a female to male ratio approximately 7:3 and a mean age of 48+15 years at
disease onset. It has a prevalence estimate of 1/25,000-33,000 worldwide, provided by the
premise that about a quarter of all idiopathic inflammatory myopathy patients may have
ASS [17]. Currently, it is thought that the pathogenesis starts with a genetic predisposition,
then with the lung involvement triggered by environmental factors as tobacco exposure,
airborne contaminants, and infections [18]. The non-specific tissue damage activates the
innate immune system that leads to the release of immunogenic neo-antigens. There
would be activation of the adaptive immune system with the production of anti-ARS an-
tibodies, and the spread of the immune response to targeted tissues such as the muscle,
joint, skin. Clinically, the hallmarks of ASS are myositis, arthritis and ILD. At the start of
the disease, respiratory symptoms (shortness of breath, coughing, dysphagia) are found
in 40-60% of patients, which may be acute or progressive. Some patients develop clinically
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overt myositis while others have hypomyopathic or even amyopathic forms. At onset, 20-
70% of patients have muscle weakness of the proximal and axial muscles, and many have
myalgia and muscle stiffness, similar to the milder presentations of other idiopathic in-
flammatory myopathies. ASS is a chronic disease which requires long-term treatment,
with a guarded prognosis [19].

Clinical experience taught us that the mainstays of treatment in autoimmune myo-
sitis include corticosteroids (e.g., intravenous pulse Methylprednisolone, oral Prednisone
in sequence, alongside bone and peptic ulcer protection), Methotrexate and steroid-spar-
ing immunosuppressive agents (e.g., Azathioprine, Mycophenolate, etc). In view of ad-
verse events (including steroid-induced myopathy and “disfiguring” Cushing’s effect) in
long term use needed, oral Prednisolone may be taken together with Azathioprine for at
least three months, thenceforth, the former be slowly tapered for about three months prior
to discontinuation. The steroid sparing drug shall be deemed to be the maintenance drug
thereafter. There could be patients requiring steroids and in such a situation, it could be
administered every other day together with the daily steroid-sparing agent. Rituximab
and newer targeted therapies (e.g. Abatacept, Sifalimumab, Janus kinase inhibitors, Apre-
milast, and KZR-616 [20]) have been tried as well.

In some settings intravenous/subcutaneous gamma globulin, may also be applied.
Purportedly a neurodegenerative condition too, IBM resists immunosuppressive therapy,
though a number of regimens have been tried. Exercise and physical therapy will be a
complementary care. The red flag in the management of autoimmune myositis is the co-
morbid malignancy, perhaps even as a paraneoplastic syndrome. Astute clinical assess-
ment is required and screening for a malignancy from elsewhere (e.g. positron emission
tomography-computerized scan [PET-CTscan]) may be key for early detection and man-
agement. In the absence of a malignancy elsewhere, a surveillance stance be the way for
at least 5 years.

4. Granulomatous Myositis

Granulomatous myositis, a rare disease, affects the skeletal muscle wherein there is
presence of a non-caseating granulomatous inflammation that can be unknown in nature
or can also be associated with inflammatory conditions such as sarcoidosis. The disease
was found to be predominant among the female population and during the fifth decade
of life. Patients with granulomatous myositis can present with dysphagia and muscular
weakness, which is often proximal bilaterally and symmetrically [21]. The diagnostic test
to confirm granulomatous myositis is a muscle biopsy which demonstrates a granuloma
with infiltrating epithelioid histiocytes, macrophages, lymphocytes and multinucleated
giant cells in the skeletal muscle fibers [22]. Imaging studies such as MRI, CT, ultrasound,
and PET-CT scan have been beneficial in aiding the diagnosis of granulomatous myositis
and in choosing a satisfactory skeletal muscle tissue.

A. Sarcoidosis

Sarcoidosis is a multisystem disorder of unknown etiology characterized by the pres-
ence of noncaseating granulomas in affected organs. Organ involvement includes the
lungs, skin, liver, eyes, bone, joints and muscles, wherein involvement of the musculo-
skeletal system is less common. The involvement of the skeletal muscles, when present,
are usually with features of other organ involvement upon diagnosis. Cranial and periph-
eral nerve involvement in a focal or multi-focal presentation may occur alone or co-exist
with myopathy, thus, posing a diagnostic challenge. Muscle involvement is more common
in women. Acute myopathy is seen more in younger patients (<40 years), while chronic
myopathy is found more in older patients (ages 50-70). The pathogenesis of Sarcoidosis is
not well understood, but it is characterized by the accumulation of T lymphocytes, mon-
onuclear phagocytes, and noncaseating granulomas [23].

Sarcoidosis usually has moot symptoms, but patients with symptoms have a more
acute disease and are associated with fever, myalgia, polyarthralgia and erythema
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nodosum. Chest imaging is important as this may show nodules [23]. Three clinical pat-
terns of symptomatic myopathy have been described, which are chronic myopathy, acute
myositis, and nodular myopathy. Chronic myopathy is the most common form of sarcoid
myopathy. It is insidious in onset of progressive symmetric proximal muscle weakness.
This can lead to muscle atrophy, contractures and pseudohypertrophy. Acute myositis is
more common among younger age (<40 yeast) and female patients. The manifestations
include diffuse muscle swelling and pain in proximal muscles bilaterally (leading to con-
tracture in a few), hardening and hypertrophy, mimicking acute polymyositis. The least
common pattern is nodular myopathy which present with single or multiple, bilateral,
tender nodules, found in the lower limbs usually. Nodules vary in size and are palpable
and painful, not associated with muscle weakness or limitation of movement. Other
symptoms may involve the diaphragm, extraocular muscles and the cardiac muscles [23].
Diagnosis of sarcoid myopathy include elevated total CK (more commonly present in
acute forms of myopathy), myopathic EMG, and Ultrasound and MRI findings, especially
in nodular myopathy. Muscle biopsy show evidence of noncaseating granulomatous in-
filtration and high CD4:CD8 T lymphocyte ratio.

Asymptomatic muscle disease does not require pharmacologic therapy. Treatment of sar-
coid myopathy involves the use of glucocorticoids (Prednisone), Hydroxychloroquine,
and immunosuppressive agents (Methotrexate, Azathioprine or Tumor necrosis factor in-
hibitors). Glucocorticoids are tapered over one year, and immunosuppressive medication
are continued for two to three years. Prognosis depends on the early management of the
myopathies, however, these are not expected to be fatal. A chronic myopathy may lead to
long term functional decline due to muscle atrophy [23].

5. Metabolic myopathies

Metabolic myopathies are a distinct group of disorders affecting different pathways
of cellular energy metabolism caused by deficiency in a transport protein or an enzyme.
Glycogen, glucose and free fatty acids are important for adenosine triphosphate (ATP)
production in cells. Pyruvate, a glycogen metabolism product, enters into the mitochon-
dria. The Carnitine transporter system allows long-chain fatty acid to enter mitochondria
while short- and medium-chain fatty acids have free access. The Carnitine transporter sys-
tem involves acylcarnitine translocase and carnitine palmitoyl transferases I and II. After
entering into the mitochondria, all these substrates are metabolized to acetyl coenzyme A,
which is an important substrate for ATP production through Krebs cycle. The defect in
any of these biochemical pathways results in low ATP within the muscle resulting in
weakness, muscle cramps especially during exercise, myalgia, exercise intolerance and
rhabdomyolysis.

Many enzymes in the glycolytic and glycogenolytic pathway have then been associ-
ated with metabolic myopathies. Similarly, fatty acid oxidation defects affect free fatty
acid transport or beta oxidation. Most patients have myopathic symptoms, but some of
them, may have predominant central nervous system manifestations like in glutaric acid-
uria type IL. The mitochondriopathies refer to metabolic genetic defects that affect the elec-
tron transport chain and lead to exercise intolerance with or without rhabdomyolysis or
fixed weakness. The challenge in diagnosing these disorders is due to common clinical
manifestation such as exercise intolerance and myoglobinuria but distinct features should
be recognized. Intolerance at the start of the exercise indicates a problem in glycogen me-
tabolism while a defect in fatty acid oxidation affects patients after prolonged exercise.

Defects in glycogen metabolism can be variable. The most common of which is rep-
resented by McArdle disease (Glycogen storage type V), an autosomal recessive disorder,
wherein there is myophosphorylase deficiency. Patients with this disease experience mus-
cle cramps, fatigue, contractures and myoglobinuria. Not only do they not tolerate static
or isometric muscle contractions but they do not tolerate dynamic exercise as well. One
pathognomonic sign of McArdle disease is the “second wind” phenomenon where there
is marked improvement in exercise tolerance about 10 minutes into an exertional activity
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involving large muscle groups like running. There is decrease in exertional tachycardia
from a heart rate of 140 beats per minute to 120 beats per minute. This is due to the lack
of glycogen stores in McArdle disease that the body uses free fatty acids, which produces
ATP at a slower rate, compared to glycogen, as the main source of energy. Intake of sugar
improves the symptoms. Avoidance of activities that can trigger symptoms and a high
carbohydrate diet is recommended [24]. Another important glycogen storage disease is
Pompe’s disease (Glycogen storage type Ila) wherein there is an accumulation of glycogen
in the lysosomes due to a deficiency in alpha-glucosidase enzyme. This is also inherited
in an autosomal recessive manner and is caused by a biallelic mutation in the acid alpha-
glucosidase (GAA) gene, also called acid maltase deficiency. This disorder predominantly
affects the skeletal and cardiac muscles. In the infantile form, there is hypotonia present-
ing as a floppy baby, cardiomegaly and respiratory failure. In the adult form there is fixed
muscle weakness and respiratory failure. Muscle biopsy in patients with accumulation of
glycogen which correlates with the severity of clinical symptoms [25]. Enzyme replace-
ment therapy improves outcomes in patients. Alglucosidase alfa sold under the name My-
ozyme was FDA approved in 2014 and is given intravenously. It helps with absorption
and digestion of glycogen and is an analog of alpha glucosidase. In August 2021, avalglu-
cosidase alda was first approved in the United States for the treatment of late-onset Pompe
disease [26].

The most common lipid storage disease is carnitine palmitoyltransferase II (CPT II)
deficiency. Long chain fatty acids require transport across the inner mitochondrial mem-
brane mediated by CPT I and II as well as acylcarnitine translocase, while short and me-
dium chain fatty acids can freely cross into the mitochondria. This is also inherited in an
autosomal recessive fashion. Symptoms usually begin at late childhood to adulthood. Pa-
tients would experience frequent episodes of myalgias, muscle stiffness, weakness and
myoglobinuria. Symptoms are usually brought about by prolonged fasting or exercise and
infection. Patients are asymptomatic between attacks. Since fatty acids are the main source
of energy for muscle at rest and during periods of prolonged activities, patients manifest
their symptoms at the end of rigorous exercise. Symptoms may also be provoked by
stressors like fasting, infections, fever and exposure to cold. A high carbohydrate diet im-
proves exercise endurance.

For the work-up of metabolic myopathies, the serum total CK may show modest el-
evations and is usually higher in those with high risk of rhabdomyolysis. In those with
phosphofructokinase deficiency, complete blood count and reticulocyte count may show
signs of hemolytic anemia. A needle EMG may show myotonic discharges in acid maltase
deficiency. Generally, needle EMG may reveal short-duration, low-amplitude motor unit
action potentials. However, EMG readings may be normal in many metabolic myopathies.
A detailed description of metabolic myopathies with therapeutic approaches is found in
an accompanying article in this present special issue compilation [27].

6. Muscle Channelopathies

Skeletal muscle channel myopathies are a group of rare and diverse conditions that
involve mutations in the genes responsible for ion channels that enable proper function-
ing. Some of which would include SCN4A (Sodium channels), CLCN1 (Chloride chan-
nels), KCNJ2 and KCNJ18 (Potassium channels), as well as CACNA1S (Calcium channels)
[28]. These myopathies can be divided into periodic paralyses and the nondystrophic my-
otonias. The periodic paralyses include Andersen-Tawil syndrome, hyperkalaemic peri-
odic paralysis, and hypokalaemic periodic paralysis. Myotonia congenita, sodium chan-
nel myotonia, and paramyotonia congenita are the non-dystrophic myotonias. It is im-
portant to ask about early life history because symptoms can appear as early as during
the first and second decade. Symptoms may sometimes develop later in life or during
pregnancy [29]. Since these ion channels are responsible for muscle membrane excitabil-
ity, these myopathies are typically characterized by paroxysmal symptoms ranging from
exaggerated muscle contraction or over-excitability to muscle weakness or inexcitability.
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Moreover, due to the overlapping clinical manifestations of these myopathies, there has
been difficulty in ascertaining which genes are responsible, and in effect, which treatments
would be most effective.

A. Nondystrophic Myotonias or NDMs are characterized by hyperexcitable condi-
tions wherein there may either be a gain-of-function mutation in the SCN4A gene or loss-
of-function mutation in the CLCN1 gene (see illustrative case in Figure 2). Generally asso-
ciated with grip, percussion, temperature aggravated and electrical myotonias (waxing-
waning, “dive bomber sound” due to delayed muscle relaxation), these disorders encom-
pass Myotonia congenita (“Herculean” muscles; Autosomal dominant [Thomsens] and
recessive [Becker] Chloride channelopathies), Sodium channel myotonias (includes Con-
genital myopathy) and Paramyotonia congenita (worsens with exercise and cold temper-
ature; Eulenberg disease). Clinically, these are seen as muscle stiffness after voluntary
contraction or percussion. With a prevalence of only <1:100,000 people, these disorders
usually occur within the first two decades of life, and in the absence of progressive muscle
wasting. These may be inherited either in an autosomal dominant or autosomal recessive
manner. At this point in time, sources have reiterated that there are no FDA approved
treatments, and that only certain symptomatic management strategies are available such
as addressing triggers, as well as maintaining non-sedentary behavior. Symptomatic treat-
ments to reduce muscle stiffness in NDM include Carbamazepine, Phenytoin, Mexilitine,
Dantrolene, Quinine, Acetazolamide, Trimeprazine and Retigabine [30].

Fig 2: Becker disease in 19M w/ CLCN1 mutation having enlarged thigh and calf muscles (“Herculean”
since age 9yrs); muscle stiffness reduced w/ Carbamazepine maintenance; Note: Myotonia w/ delayed
relaxation in grip (Upper Panel, sequential) and percussion (Lower Panel, sequential).

NDM should not be mistaken for another myotonic disorder in muscle (also with
grip, percussion and electrical myotonias) accompanied by multi-organ disorders (bald-
ness, cataracts, cardiac disease and insulin resistance, among others), called Myotonic
Dystrophies (Types 1 [distal dominant weakness plus facial and ocular muscle weakness]
and 2 [proximal dominant weakness], with DMPK and CNBP mutations, respectively).
The Pseudomyotonias (grip myotonia but not with the typical percussion myotonia and
electrical myotonia) are seen in a nerve terminal hyperexcitability disorder, Isaac’s dis-
ease/Neuromyotonia. The latter is a VGKC channelopathy associated with myokymias
hyporeflexia, hyper-sweating and disabling muscle stiffness. Inmune therapies will be
choice treatment for VGKC channelopathies, whether paraneoplastic and/or associated
with dementia (Morvan syndrome).
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B. Primary Periodic Paralyses, on the other hand, are a set of disorders that involve
sodium, potassium, and calcium channel gene mutations. These disorders occur due to
aberrant depolarization leading to inactivated sodium channels, which primarily result in
reduced muscle membrane excitability. Thus, the clinical presentations be that of episodic
generalized (mainly) or focal weakness. These are autosomal dominant in nature and
would include hyperkalemic periodic paralysis, hypokalemic periodic paralysis, and An-
derson-Tawil Syndrome. Cases may be diagnosed through a history of flaccid paralysis
accompanied by changes in serum potassium levels. Unlike that of NDM, literature
[28,29,30] has supported the notion of the use of Dichlorphenamide, and Carbonic anhy-
drase inhibitors/Acetazolamide as treatment for this periodic paralyses.

C. Secondary periodic paralysis result from potassium wasting (following high car-
bohydrate meal/heavy exercise, diuretic use, renal/adrenal disorders, licorice diet, among
others) and from thyrotoxicosis. Cranial muscles are usually spared and most will present
in the morning with quadriparesis. One may consider application of electrophysiologic
short and prolonged exercise test for differentiation, a procedure that also aids in sorting
channelopathies. Prudent correction of the electrolyte and hormone abnormalities be the
key treatments. However, as these are secondary clinical phenomena, the main target or-
gan disorders (e.g. kidney, adrenal, thyroid glands) should be accordingly managed.

7. Drug-induced Myopathies

Drug-induced myopathy is an acute or subacute onset of muscle weakness, myalgia,
CK elevation and myoglobinuria after intake of certain medications at therapeutic doses.
Discontinuation of the offending medication resolves the myopathy. There are a lot of
drugs that can cause myopathies, and includes hydroxychoroquine, amiodarone, among
others. These myotoxic substances may either affect muscle organelles such as myofibril-
lar proteins, may induce systemic effects like malabsorption or electrolyte imbalances and
may induce an inflammatory response [31]. One of the most common causes of drug-in-
duced myopathy is from Statin use. It is a cholesterol lowering drug that inhibits hy-
droxymethylglutaryl-CoA (HMG-CoA) reductase. Statins are most commonly prescribed
to patients with dyslipidemia, diabetes mellitus, stroke, hypertension and coronary artery
disease. Skeletal muscle adverse effects are said to occur in 5-10% of patients. Statin-Asso-
ciated Muscle Symptoms (SAMS) may present with muscle tenderness, cramps, weakness
and an elevated CK level of up to 10 times the upper limit of the normal level and some-
times rhabdomyolysis. It is said that statins affect the sarcoplasmic reticulum and mito-
chondria of type 1II fibers. Since type II fibers contains 30% less fat than type I fibers, it is
more prone to damage caused by reduced cholesterol that is available for membrane pro-
duction or biosynthesis. Statins also cause an immunologic reaction by changing regula-
tory expression of T cells and B cells, leading to the production of autoantibodies. The
highest incidence of statin-induced myopathy is with simvastatin while rosuvastatin and
fluvastatin have the lowest. Symptoms are usually reversible after statin withdrawal [32].

Another cause of myopathy is from intake of colchicine in patients with gout. Those
with renal insufficiency and are taking nephrotoxic drugs like Cyclosporine are more
prone to this adverse effect. Patients experience proximal muscle weakness, elevated CK
level, areflexia and sometimes sensory symptoms. It is said that colchicine can interfere
with the growth of microtubules and that long-term use can cause vacuolar myopathy
with accumulation of autophagic vacuoles and lysosomes and axonal neuropathy. Symp-
toms resolve after 4 to 6 weeks of discontinuing the medication.

Steroid-induced myopathic weakness, typically presenting with bilateral quadriceps
weakness, is another adverse effect that patients experience especially during chronic ad-
ministration of Prednisone or Dexamethasone. It is said that it is generally mild and may
spare the neck flexor muscles, however, it may aggravate any pre-existing weaknesses
especially in cancer patients. The CK level and EMG in these patients are normal which is
why it is not considered a true myopathy. On muscle biopsy there is only atrophy of type
II fibers [31]. Lowering the dose may reverse the myopathic weakness.
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A clinical syndrome marked by myalgia, eosinophilia and scleroderma-like skin
manifestations have been associated with L-tryptophan use. The syndrome mimics eosin-
ophilic fasciomyositis (Shulman’s syndrome), the latter being responsive to immunosup-
pressive therapy.

There should be awareness too that cancer treatment with Immune checkpoint inhib-
itors (e.g. Pembrolizumab, Nivolumab, etc.) may elicit immune-mediated myopathy (and
even myasthenia), and muscle biopsies may show necrosis and mitochondrial abnormal-
ities.

8. Intensive Care (ICU) Acquired Weakness

The clinical definition of Intensive care unit-acquired weakness (ICUAW) is a noted
weakness in critically ill patients and where the only etiologically plausible cause is the
critical illness itself, and upon which weakness may persist long after discharge from ICU.
Sepsis syndrome/or shock, multiple organ failure, metabolic variables like hyperglycemia,
and duration of mechanical ventilation (MV) are among the risk factors for ICUAW. At-
tributable to weakness are impaired muscle contractility, muscle wasting, neuropathy,
and pathways related to ubiquitin proteasome system and dysregulated autophagy which
are associated with muscle protein degradation. Moreover, a preferential loss of myosin,
is a distinct feature [33].

By nosology, ICUAW include critical illness polyneuropathy (CIP), critical illness
myopathy (CIM), and an overlap syndrome, critical illness polyneuromyopathy (CIPNM).
Versus CIP, the diagnostic criteria for CIM include: Presence of Critical illness; Limb
weakness or difficulty weaning from MV (non-neuromuscular causes excluded); Com-
pound muscle action potentials (CMAP) less than 80% lower limit of normal in at least
two nerves without conduction block; CMAP duration increased on nerve or direct mus-
cle stimulation; Sensory nerve action potentials are greater than 80% of lower limb of nor-
mal; Needle EMG shows myopathic potentials with early or normal recruitment in
awake/collaborative patients; Absence of abnormal response to repetitive nerve stimula-
tion; and Muscle biopsy with evidence of myopathy (e.g. myosin loss or muscle necrosis).
Current management strategies include: Achievement of euglycemia (Intensive insulin
therapy has been shown to have a protective effect); Early mobilization (has positive func-
tional outcomes); Functional electrical stimulation (robust studies still desired); and Nu-
tritional intervention (promote muscle protein synthesis in relation to immobility) [34].

9. Rhabdomyolysis

Rhabdomyolysis is an urgent care acute myopathy with high morbidity and mortal-
ity, if not attended to. The causes include direct muscle trauma, status epilepticus, initia-
tion/high dose use of medications (e.g. statins, anticonvulsants, anti-psychotic agents),
toxins, infections (e.g. Weil’s disease), muscle ischemia, metabolic/electrolyte disorders,
exertion or prolonged bed rest, genetic disorders and temperature-induced states (e.g.
neuroleptic malignant syndrome [NMS] and malignant hyperthermia [MH]). The triad of
rhabdomyolysis constitute myalgia, weakness and myoglobinuria. An elevated total CK
level is considered the sensitive test for muscle injury—-induced rhabdomyolysis.

Foremost treatment aim in suspected rhabdomyolysis is care to avoid acute kidney
injury. Fluid management is crucial in preventing prerenal azotemia, given the risk of
muscle compartment fluid accumulation and the complication of hypovolemia. Thus, 1.5
L/h rate of aggressive hydration is suggested, while cognizant of cardiac overload. As an
option, consider a 500 mL/h saline solution to be alternated every hour with 500 mL/h of
5% glucose solution with 50 mmol of sodium bicarbonate for each subsequent 2-3 L of
solution. Also important in management is urine alkalization for renal protection against
the nephrotoxicity from myoglobinuria and hyperuricosuria. Therefore, one should
achieve a urinary output goal of 200 mL/h, urine pH >6.5, and plasma pH <7.5. The other
management strategies include reversal of inappropriate arteriolar vasodilation through
arteriolar restoration of contractility in injured muscles (i.e. mainly correction of acidosis
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and hyperkalemia). Likewise, mobilizing intramuscular edema will protect integrity of
muscles and decompress muscle compartments [35]. In a center retrospective study of
surgical anesthesia among cases with dystrophinopathy, they found no cases of rhabdo-
myolysis upon application of total intravenous anesthesia and no evidence for or against
volatile anesthetic usage in this patient population. It is to be emphasized that no anes-
thetic agent is risk free. Non-triggering anesthetics, barbiturates, benzodiazepines,
propofol, ketamine, and fasting have resulted to rhabdomyolysis in certain cases, includ-
ing use of succinylcholine for muscle relaxation [36].

10. Inherited myopathies

Certain inherited myopathies are currently undergoing various phase treatment tri-
als, mainly genetic or through inflammatory approaches. DMD and Becker muscular dys-
trophy (BMD) are the most frequent and best studied early-onset muscular dystrophy.
DMD is a severe, progressive, inherited neuromuscular disease involving mutations in
the dystrophin gene [37]. It is inherited in an X-linked recessive manner, making it a disease
that is very rare in females. It affects 1 in 3500 to 5000 live male births [38]. Becker mus-
cular dystrophy is caused by DMD gene mutation but still allows residual expression of
dystrophin protein. Symptoms are milder compared to DMD patients. Dystrophin, being
an integral part of the structural unit of the muscle, causes impairment in the myofibers’
structure and contractility, calcium dysregulation, and oxidative stress when lost, which
ultimately leads to myocyte necrosis [39, 40]. Dystrophin also increases the stability of the
plasma membrane in myofibers. Due to the muscle-wasting nature of this disease, muscle
weakness has been a primary manifestation, commonly affecting the proximal muscles,
especially that of the lower extremities. This weakness becomes more generalized as the
disease progresses. Developmental milestones may be achieved normally during the first
few years of life, however, there also might be a delay in attaining these milestones, as
well as delay in growth rate, and impairment in muscle tone during infancy. Most patients
would typically note difficulties in ambulation, running, climbing the stairs, and frequent
falling during the first 2-3 years of life, although late onset manifestations may occur (ie.,
in the third or fourth decade of life). A classic and early feature of DMD is pseudohyper-
trophy of the calves and wasting of the thigh muscles. Other manifestations include wad-
dling gait, frequent fracture secondary to falls, joint contractures, aspiration and hyper-
nasality secondary to pharyngeal muscle weakness, urine and stool incontinence due to
weakness of the sphincter muscles, and heart failure due to cardiac involvement.

Training exercises may be beneficial in DMD but again the evidence remains uncer-
tain. This needs further research to know whether these training exercises promote func-
tioning and improve health-related quality of life [40]. There is also no concrete evidence
regarding the use of assistive devices but there are some studies in orthopedic assistive
devices that can help the patient with DMD. However, genetic counselling be important
as will respiratory and nutritional care. While several potential medications or drugs are
now being studied, prolonged use of oral steroids (with bone protection) have been there
in use, and alluded to, in regional expert consensus [41]. Gene therapy, involving the in-
sertion of a dystrophin gene through a vector, has proven effective in animals but not
humans. Ataluren, which is under a clinical study, is a molecule that binds with ribosomes
and may allow the insertion of an amino acid in the premature termination codon, and
producing a dystrophin that is smaller but functional [42].

The most common complications of this disease include those of decreased muscle
function, spinal deformities, cardiovascular and respiratory compromise, and affected
bone health. Therefore, it is important to note that a multidisciplinary approach must be
undertaken to optimize the living conditions of patients suffering from this condition.
Much importance must be given to identifying and targeting possible aspects that may be
improved through either medical, technological, or engineering interventions [43]. Stud-
ies have shown that although DMD is a progressive disease, life expectancy rates have
improved with advances in technology and medical treatment [44].
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Exon skipping therapy is now used for these patients. These are antisense oligonu-
cleotides that are approved for DMD patients. Viltolarsen, Golodirsen and Eteplirsen and
Casimersen exon skipping drugs that can be given intravenously once a week. Exon skip-
ping drugs restores the reading frame to allow DMD patients to make BMD-like residual
dystrophin protein. It offers the possibility to restore the levels of residual functional dys-
trophin and can slow disease progression however it cannot restore muscle that was al-
ready lost. Renal function should be monitored in these patients because of the ne-
phrotoxic side effect of antisense oligonucleotides.

For certain inherited myopathies to date, virus vector-based gene therapies have been
in the offing. A more novel targeted genome editing through viral vectors to deliver a
gene-editing system (e.g. CRISPR technology) have been explored to replace mutations in
genes with correct nucleotides. Interestingly, Sialylation increasing therapies with Man-
NAc have been tried in Distal myopathy from GNE mutation [45].

11. Conclusion

Therapies abound as these are targeted in specific myopathies such as Infectious
(based on pathogen), Granulomatous and Autoimmune Myopathies. Included in treatable
myopathies are certain metabolic myopathies, rhabdomyolysis, periodic paralysis, critical
illness myopathy and drug-induced myopathies. Symptomatic therapies are applied in
channelopathies of muscle and dystrophinopathies can be potentially treated nowadays.
Alongside rehabilitation practices and exercise in moderation are complementary regi-
men. Exon skipping therapy which offers functional restoration of residual dystrophin are
now used for DMD patients.
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