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PAIN AND DISCOMFORT IN THE MYASTHENIA GRAVIS POPULATION

Introduction

Nearly 86 million Americans suffer from chronic pain. By 2010, the
prevalence of neuropathic pain is expected to exceed 75 million worldwide
(Brower, 2000). Picavet and Hazes (2003) found an increased prevalence of
coexistence of pain within musculoskeletal diseases. Tiffreau, Viet and Thevenon
(2006) found that 73% of patients with neuromuscular diseases reported pain,
62% reported chronic pain and 40% reported severe pain. People with
musculoskeletal diseases have lower scores on the SF-36 dimension dealing with
bodily pain (Picavet & Hoeymans, 2004). Inflammatory and degenerative
diseases affect almost 50% of the general population during their lives (Laufer,
Gay & Brune, 2003).

Myasthenia gravis (MG), an inflammatory degenerative musculoskeletal
disease, impairs the neuromuscular synaptic junction (NMJ) affecting limb, axial
and bulbar muscle function. Initially, MG demonstrates muscle weakness by
diplopia, ptosis, dysarthria, dysphagia, and poor mastication that can advance to
generalized muscle impairment leading to respiratory arrest. Inflammatory
contributors, like lymphokine interferon-y (INF-y) and tumor necrosis factor-o
(TNF- o), promote autoantibody (ab) attack on acetylcholine receptors (AchR)
and muscle membranes such as muscle specific kinase (MuSK), titin, and calcium
release modulating channel, ryanodine (RyR) (Agius, 2003; Myland et al., 2000;

Richmann & Agius, 2003). This inflammatory process is initiated and maintained
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via the thymus gland, which is also known to regulate substance P in other
inflammatory diseases (Van Hagen et al., 1996). Biotech week (Dec.1, 2004)
reported that a significant percentage of MG patients experience pain as a “result”
of their illness. Biotech week (Dec. 1, 2004) continued by stating the following:
Researchers, Kothari & Scott, explain “such a large number of surveyed
patients reported pain associated with their disease... is very surprising...
We were surprised, though , to see 50% of the patients report experiencing
significant pain as a result of their illness with over a quarter reporting
pain of moderate or greater severity. Pain is not commonly associated with
this disease... patient’s physicians were generally not aware that these
patients were experiencing pain. The lack of physician’s awareness of the
patient’s pain resulted in failure to treat pain.”
Moreover, studies using the SF-36, a measurement tool used to evaluate the
impact of illness upon perceived well being, indicate that bodily pain has a
negative impact on mood and quality of life in MG patients (Padua et al., 2002;
Paul, Cohen, & Goldstein, 2000; Paul, Nash, Cohen, Gilchrist & Goldstein,
2001). Additionally, the more advanced the MG, as indicated by the Osserman
scale (Table 1), the more likely that pain will interfere with the patient’s quality of
life (Padua et al., 2002). However, pain can be the sole presenting symptom in
MG (Lloyd & Mitchell, 1988). As a result, further exploration is needed to

understand pain phenomena within the MG population.
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Statement of the Purpose

MG case studies mention discomfort and pain, and yet, pain is not
routinely addressed by healthcare practitioners cariﬂg for MG populations.
Immune mediated diseases like MG are known to promote pain. Research needs
to clarify whether discomfort/pain exists within the MG population, define the
pain/discomfort, explore implications, suggest interventions and execute a
framework for further research. The purpose of this literature review is to gain
greater insight into pain and discomfort within the MG population by reviewing
case studies and looking for common themes connected to a possible pain
phenomenon.

Theoretical Framework

The theoretical framework for this study is based upon the Health Related
Quality of Life Model proposed by Wilson & Cleary in 1995 (Fig. 1). This model
is divided into five subsections: biological and physiological variables, symptom
status, functional status, general health perceptions and overall quality of life.
Wilson and Cleary (1995) suggest that biological and physiological variables
drive the symptom status which, in turn, drives the functional status toward
general health perceptions affecting quality of life. Pain would, therefore, be a
driving force affecting overall quality of life.

In a revised model proposed by Ferrans, Zerwic, Wilbur and Larson
(2005), characteristics of the individual and the environment can impair biological

factors. Because perceived stress and environmental exposure can increase
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immune response, the arrow going back from the characteristics of the individual
was placed in this working model.
Literature Review

It is estimated that there are 70,000 individuals with MG in the US, with
an incidence of 20/100,000 in 2003 (Phillips, 2003). Onset of symptoms occur at
the third decade of life for females and for males there is a bimodal onset with
peaks at the third and sixth decades of life. The female to male ratio before the
age of 40 is 2.4:1, after the age of 40, the female to male ratio changes to 1: 1.1
(Aarli, Romi, Skeie & Gilhus, 2003).

MG has two general categories, 80-90% are seropositive (SPMG)-patients
with acetylcholine receptor (AchR) antibodies (abs) and 10-20% are seronegative
(SNMG)-patients with no AchR abs (Chitnis, Khoury & Samia, 2003). SPMG
patients have elevated AchR antibody (ab) antigens specific for a-sub-unit of the
AchR that can block or destroy AchR which then impairs the generation of action
potentials needed for muscle contraction (Agius, Richman, Fairclough, Aari,
Gilhus & Romi, 2003). SNMG patients can have abs against structural
acetylcholine proteins titin and/or RyR, or abs against MuSK with a reduction of
agrin (used for clustering of AchR), or abs against unspecified antigen targets
(Agius et al., 2003). Impaired titin and RyR result in impaired intracellular
calcium (Ca+) which affect Ach electrical currents that are partly dependent on
intracellular Ca+ (Barrett-Jolley, Bryne, Vincent, and Newsom-Davis, 1994).
Impaired agrin reduces the function of AchR, thereby reducing electrical signals,

however, MG patients can also develop abs against voltage gated potassium
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channels (Myland et al., 2000). Both SPMG and SNMG have polygenic
susceptibility with electrodiagnostic studies demonstrating a decrease in repetitive
muscle-nerve conduction and increase jitter ratio resulting in impaired muscle
contraction (Christadoss, 2000). SPMG patients demonstrate receptor
impairments, whereas in SNMG patients impairments can be within the muscle
cell components that can extend into intracellular ionic deregulation.

The general neuroimmune interactions are bidirectional in that many
compounds participate in signals between both nervous and immune systems
(Siemion, Kluczyk & Cebrat, 2005). Immune disease stages are initiation,
destruction and perpetuation. The thymus is the main organ initiating and
perpetuating the MG autoimmune response (Levinson, Zheng, Gaulton, Moore,
Pletcher, Song, et al., 2003). Initiation includes recruitment of the antigen specific
T Cells and antibody-producing B cells (Chitnis, Khoury & Samia, 2003;
Richmann & Agius, 2003).

In MG, CD4+T cells (referred to as anti AchR CD4+ T cells and key to
pathogenesis of MG) initially produce abs against an original AchR antigenic
regions (epitopes) made up of peptide molecules (Skeie, Romi, Aarli, Bentsen &
Gilus, 2003). After the original target antigenic region is targeted, the abs begin to
auto-direct towards neighboring epitope regions, referred to as epitope spreading,
where more focal damage occurs (Dalakas, 2004). The initial attack is against the
predominant epitopes, however, as the immune attack continues the sub-dominant
epitopes, referred to as “cryptic” epitopes, are exposed (Richmann & Agius,

2003). Once the epitope is exposed, further activation of interleukin-4 (IL-4) and
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interleukin IL-6 recognize the targeted neural or muscle tissue via macrophages or
complement fixation.

Early in the development of MG, CD4+ T cells initially recognize only
one epitope. Within five or more years, the CD4+ T cell recognition spreads from
the primary epitopes to all AchR epitopes, however, the removal of the target
autoantigen is not possible, hence tissue damage does not subside (Richmann &
Agius, 2003). This molecular mimicry allows for dual recognition of like
molecules, thus creating cross reactive abs to common molecules (Dalakas, 2004).
For example, ganglionic receptors are comprised of a similar make-up as the
skeletal AchR but contain the alpha 3 subunit, accordingly, ganglionic abs are
reported in MG patients (Scaioli, Andretta & Mantegazza, 2004).

Biopsies connect MG with neurogenic and muscle changes that suggest
abs crossover from Muscle AchR-abs to AchR-abs of neuronal origin (Asanuma,
Saida, Ohta & Konishi, 1999). T cells against neurofilament protein exist on
epithelial cells in some MG thymomas (Christadoss 2000). CD4+ T cells inflame
the thymus, and secrete cytokines that activate B cells augmenting further
inflammatory response (Skeie et al., 2003). CD4+ T cells, called Thl
proinflammatory phenotype, produce INF-y in response to AchR, which increases
histocompatibility towards muscle cells while 11.-12 assists naive T helper cells to
stimulate maximal INF-y (Fraenkel et al., 2002). INF-y is released during
immune inflammation promotes further proliferation and activation of

macrophages (Abbas, Murphy & Sher, 1996).
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INF-y up regulates a-AchR expression in the thymic epithelial cells
creating further proinflammatory cytokine influence (Poea-Guyon et al., 2005).
INF-y is also indicated in immune-mediated inflammatory myopathies such as
polymyositis (PM). In the experimental animal model of acquired MG (EAMG),
INF-y creates damage at the NMJ. INF-y alone may be responsible for axonal
disintegration and neuronal damage.

Hong, Khang, Kim, Bae, and Park (2000) report using an electron
microscopy on an MG muscle biopsy revealing selective atrophy, damage to the
NM]J exhibiting primary synaptic cleft widening and shallow secondary synaptic
clefts with myopathic features. This response, like inflammatory myopathies,
could induce muscle pain via excitation of intramuscular nociceptors (Bennett,
2002).

Colom, Alexianu, Mosier, Smith and Appel (1997), found induction of
rapid transient intracellular Ca2+ with 43% of cells treated with immunoglobulin
fractions obtained from MG patients. Malfunctions within the Ca2+ transport
cycle can lead to elevated cytoplasmic Ca2+ transport, thus leading to activation
of proteases, lipases and nucleases (Berchtold, Brinkmeier & Muntener, 2000).
INF-y is induced by the IL-12 and by IL-18 as well, when IL-18 combines with
INF-y they are cytotoxic (Fraenkel et al., 2002). CD4+ T cells, specific for AchR
epitopes, also secrete proinflammatory cytokine IL-2 and IL-10.

Within MG, muscle fibers have an increased regulatory effect of TNF-a
which is associated with painful pathological conditions, such as polymyositis

(Kuru et al., 2000; Poea-Guyon et al., 2005). Moreover, INF-y combined with
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TNF-a is cytotoxic to human muscle cells and establishes necrotizing myopathy
(Kalovidouris & Plotkin, 1995).

INF-y and TNF-a combined are found in the pathogenesis of painful
myositis and can promote tubular aggregates, sarcolemmal degeneration, calcium
deposits common to inflammatory myopathies, and muscle cell inflammatory
infiltrates (Kuru et al., 2000). In other neurological diseases, TNF-o combined
with INF-y assists in demyelination, axonal damage and abnormal configuration
of Schwann cells and may explain reports of increased CNS demyelinating
disease occurring in MG patients (Aaril, 2003). Parts of the inflammatory process
of MG mirror chronic pain (Fig. 2). The MG inflammatory process is also known
to release cytokines and chemicals that drive NMDA-NO nociception such as
substance P, nerve growth factor (NGF), TNF-a, and excitatory amino acids (eaa)
(Richmann & Agius, 2003). Inflammatory processes contribute to the induction
and automation of a wind-up process known to exaggerate and prolong painful
responses to normally innocuous inputs (Ji & Woolf, 2001; Stahl 2003). In
conclusion, these inflammatory processes are known to drive pain pathways that
have been established in contributing to chronic pain. Muscle tenderness may be a
secondary manifestation of central sensitization (Harden, 2007).

Literature review analysis. Searching databases such as
Medline/PubMed,CINAHL, Science Direct, Proquest, and Lexis Nexis, and
online journals including the Online Journal of Neurology, Neurosurgery and
psychiatry, and the Wiley Interscience collection, 174 historical cases were

retrieved (Appendix A). Limitations included cases with graph-host conditions,
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congenital myasthenic syndrome and purely ocular MG cases. Publication dates
ranged from 1944 to 2006. Patients’ ages ranged from 9-87 years old with a mean
age of 43. Male to female ratio was 53% males, 44% females, 3% of article did
not provide gender data.

The initial search included case studies of MG and the use of the words
pain (pn)/ painful (pnf), which was found in 26% of the total. Pain and painful
were often used as adjectives to describe specific pain descriptors such as spasm,
cramps and tenderness. Therefore additional searches included pain descriptors
such as tenderness, stiffness, myalgia, and burning. Pain descriptors were divided
into muscle descriptors (M ds) and sensory descriptors (S ds). All pain descriptors
were placed on a excel spread sheet and recorded for frequency.

Muscle descriptors (M ds) were found in 49.4% of the total articles
reviewed and were listed as stiffness, muscle ache or tenderness , myokymia/ic,
myalgia or muscle pain, spasms, cramps, and fasciculations . Sensory descriptors
(S ds) were found in 20% of the articles and were listed as paresthesia,
hyperesthesia, paresis, hypo-sensation, burning, tingling, ache, numbness and
change in sensation. These types of sensory changes are associated with
neuropathic pain (Shaiova, 2006). The combination pn/pnf and M-dscp were
found within the same case studies in 20.8%. Combining articles using pn/pnf
and/or M-ds resulted in 55.7% of the total. Combining articles using pn/pf, M-ds
and S ds resulted in 72% of the articles reported some form of pain or discomfort.

Searching for the words “pain” or “painful” within each article found

pn/pnf appeared in 26% of all the articles, of these, 88% had a comorbid painful
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condition (CPC). CPC were reported in 64% of the total articles reviewed. MG
presented first in 31%, later in 23%, and concomitantly in 30% of the total cases.
Percentage of the general CPC categories were channel pathologies (CHP)
(29.5%), all gastrointestinal conditions (GI) (17%), inflammatory muscle diseases
(IMD) (16%), myopathies (13%) and neuropathies (16%). Articles presented
cases because of: combination of conditions; complications; pathology and/or
laboratory results; and to report therapy outcomes.

MG-CHP conductions included rippling muscle disease (RMD),
neuromyotonia (NMT), Isaac’s syndrome, cramp fasciculating muscle disease
(CFMD), stiffman syndrome (SMS), Satoyshi syndrome and Lambert Eaton
Myasthenic syndrome (LEMS). Many authors consider NMT, Isaac’s disease,
Satoyshi syndrome and CFMD as the same general potassium channel disorder,
thus these conditions were grouped. This means that 10% of the total cases were
associated with potassium channel disease, generally considered NMT. RMD was
listed in 10% of the total cases, and is generally associated with calcium channel
dysregulation. Symptoms associated with CHP were typically associated with M-
ds including cramps, spasms, stiffness, myokymia/ic, ache, tenderness, myalgia,
and fasciculations. CHP-MG articles used the words pn/pf in 40%, M ds in 98%,
and Sensory ds in 44%. MG-CHP and thymoma combined were found in 39% of
all CHP. MG-CHP and thymoma cases used the words pn/ pnf 40% of the time.
MG-CHP and thymoma cases used M-ds 100% of the time.

MG-GI conditions included gastroparesis (GP) or pseudo bowel

obstruction (PBO), GI dysautonomia (DysA), portal tract dysfunction, ulcerative
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colitis, Crohn’s, irritable bowel disease, bleeding ulcer, diarrhea, and peritonitis.
GI-DysA, GP or PBO were found within the same case studies and used the
words pn/pnf to describe GI pain. MG-GI cases used the words pn/pnf 44% of the
time. MG-GI found thymomas in 41.4% of total GI cases. MG-GI, thymoma and
use of the words pn/pnf was found in 37.9% of total GI cases. In MG-GI cases
reporting GP or PBO the use of Pn/pnf were found in 33% of the cases and 80%
reported comorbid DysA.

MG-IMD articles included myositis, polymyositis,
myocarditis/pericarditis, and dermatomyositis. MG cases with one IMD
frequently contained a secondary IMD; myositis was usually the first diagnosis.
MG-IMD used the words pn/pnf were found in 39% and M ds in 71%. MG-IMD
articles reported a 71% frequency of comorbid thymoma. MG-IMD and
thymoma, 35% used the words pn/pnf and 85% contained M-ds.

MG-Myopathy articles included myopathy, polymyopathy and muscle
degeneration. Polymyopathy was always associated with myopathy. MG-
Myopathy articles used of the words pn/pnf was found in 35% of all myopathy
casesand M-ds in74%. MG-Myopathy articles reported a 48% frequency of
thymoma. MG-Myopathy and thymoma articles used the words pn/pnf 55% and
used M-ds in 91%.

Neuropathologies may or may not be painful, therefore, neuropathologies
were not considered CPC. Neuropathy, polyneuropathy and demyelinating
neuropathy accounted for 16% of the total cases and within these articles the

words pn/pnf were found in 32% and M-ds were found in 46%. Articles reporting
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CPC combined with articles reporting neuropathy, polyneuropathy and
demyelinating neuropathy resulted 75% of the total articles were affected by some
form of discomfort. Other neurological conditions were found in 31% of the
articles and consisted of autonomic dysfunction, multiple sclerosis, neuromyelitis
optica, myelitis, neuritis, neuralgia, denervation, sensory & motor nerve
impairments. In articles with neurological conditions, 33% contained the words
pn/ pnf and 44% contained M-ds. Other neuropathologies reported included
antibodies or damage to the cerebral spinal fluid, axons, ganglion/gangliosides,
Schwann cell. Thirty five percent of the articles reported some form of
neuropathology.

The last analysis eliminated all articles reporting CPC, thymoma,
neuropathy, polyneuropathy or demylinating neuropathy. These articles used
pn/pnf 12%, M-ds 20% and S-ds 9% of the time. In these articles 36% still
reported sensory, muscle, or pain discomfort. The M-ds commonly found were
ache, stiffness, tenderness, myalgia and fasciculations verses M-ds found in CHP
which were muscle spasms or cramps. GI related to GP continued in 8% of these
articles. Combining GP complaints with the use of pn/pnf, M-ds and S-ds, then
40% had pain or discomfort.

Summary of the literature review analysis. In summary, this review found
that 26% of the case-reports presented with thymoma, which is higher than the
usual 10% of MG patients. CPC within the total cases reviewed blurred the data

but even in the pure MG cases, 40% still had symptoms related to pain or
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discomfort. Severity of MG and co-morbid conditions initiated use of pain
descriptors which placed the patient at greater risks for thymoma.
Implications for Nursing/Nurse Practitioner Practice

The potential for various types of pain within MG is complex, as a result,
recognition of pain descriptors are a prerequisite to understanding pain within this
population. The more advanced the MG, the more likely the patient is at risk for
pain or discomfort. Using the Modified Quantitative Myasthenia Gravis Scale
(MMGDS) or the MGFA scale will help the nurse practitioner (NP) monitor
disease severity (Table 2 & 3). Listening to the patient’s pain complaints will help
the NP to clarify comorbid conditions and pain syndromes (figure 3). Removal of
the thymus gland has been recommended to help decrease immune insult and
promotes less severity of disease (Romi, Githus, Varhaug, Myking, & Aarli,
2003). Cholinesterase inhibitors (ChE-I) such as pyridostigmine (Mestinon) and
neostigmine (prostigmin) are initial treatments for MG and may also have anti-
inflammatory properties (Nizri, Hamra-Amitay, Sicsic, Lavon & Brenner, 2006).
However, the practitioner should ask about muscle pain before administering any
ChE-I. SNMG patients and patients with co-morbid NMT may be at greater risk
for ChE-I muscle spasms, cramps and fasciculations (Evoli et al., 2003;
Wakayama, Ohbu, & Machida, 1991).

Pain treatment considerations and future research. Treatment for pain
starts with stabilizing the MG through immune modulation, including immune
suppression, plasmaphersis and/or IV immunoglobulin. Corticosteroids such as

prednisone, are mainstay treatments but run the risk of rapid decompensation.



Pain and Discomfort in the Myasthenia Gravis Population 24

However, corticosteroids may help with pain. Newer immune modulators
recommended include: azathioprine (Imuran), mycophenolate mofetil (Cellcept),
cyclophosphamide (Cytoxan) and cyclosporine (Sandimmune, Neoral). Immune
suppressive therapies responsible for the regulation of Ca+ may prove helpful. On
the horizon for immune therapy management are Tacrolimus (Prograf) calcineurin
inhibitor, FK506 a calcineurin inhibitor that also acts as an enhancer of RyR-
related Ca+ release for the SR, and infliximab (Remicade) which binds to TNF-a
(Ponseti et al., 2005; Takamori et al., 2004). Rapsyn is being reviewed as a
possible therapy avenue (Losen et al., 2005).

Intervenous Immunoglobulin (IVIG) is usually used for crisis management
in MG but IVIG is often used for management for a spectrum of diseases such as
neuropathies, moyositis, and multiple sclerosis. IVIG enhances immune
homeostasis by modulating expression and function of Fc receptors, interfering
with activation of complement and production of cytokines (Dalakas, 2004). IVIG
also shows marked improvements in immune parameters in repeated muscle
biopsies (Illa, 2005). IVIG for treatment of MG pain holds great promise. Plasma
exchange is anther therapy in MG to remove pathogenic antibodies. Plasma
exchange has also been useful in CHP such as NMT, LEMS, and DysA.

Practitioners need to routinely query MG patients about pain to decide if
the pain warrants treatment. Treatment for pain may place the client at risk for
further generalized weakness, decreased respiratory status and increased risk of

GI symptoms. Therefore, the impact of pain medications on MG must be
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monitored closely. Monitoring respiratory vital capacity and using the MMGDS
before and during pain therapy will help to regulate therapy.

Drugs not recommended include many anti-epileptics and anti-spasmotics,
as they tend to increase MG symptoms. Anti-depressants may be helpful but have
not been tested, however, sedating antidepressants may increase MG symptoms.
Opioids and benzodiazepines may place the patient at risk for respiratory crisis or
PBO due to sedating properties. In theory, NMDA antagonists and NSAIDS
(COX2 inhibitors) look very promising but have not been tested. Gradual physical
therapy may also help with MG patients. Psychological therapies include
cognitive reframing; problem solving with skills training, and focusing on self
efficacy (Mishel, et al., 2002; Redman, 2004; Wells-Federman, Arnstein &
Caudill, 2002). Bio-feed back, relaxation and guided imagery may also prove to
be helpful.

Research needs to further clarify the location, intensity, duration and
impact of pain within MG populations as well as the role of behavioral
interventions, psychotherapy, physical therapy, plasmaphersis, IVIG, immuno
suppressants therapies, thymectomies and other therapies associated with pain
management. Research needs to continue to review co-morbid conditions for
possible syndrome management while continuing more neuroimmune research.
Summary

Investigating pain symptoms can help to understand the progression of
MG as well as associated co-morbid conditions and syndromes (specifically

paraneoplastic syndromes). Furthermore, MG has a physiological potential to



Pain and Discomfort in the Myasthenia Gravis Population 26

follow the chronic pain pathway following immune insult. There is evidence that
pain is affecting this population. There is insufficient evidence relating to MG
pain and pain management, hence, more research is needed. Finally, this review
supports previous reports that the physiological process of pain is a driving force

impairing the MG patient’s over all quality of life.
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Modified Quantitative MG Score for Disease Severity

Test item None Mild Moderate Sever  Score
0 1 2 3
Double vision on lateral gaze 61 11-61 1-10 Spontaneous
Right or left circle on seconds
Ptosis upward gaze seconds 61 11-61 1-10 Spontaneous
Facial muscles Normal lid Complete complete Incomplete
Closure with some without
resistance resistance
Swallowing Normal Minimum sever Cannot
Coughing or coughing swallow
Throat choking or
Clearing nasal
Regurgitation
Speech after counting aloud None at 50 Dysarthria at Dystharia at Dystharia at
From 1-50 onset dystharia 3049 10-29 9
Right arm outstretched 90 degree 240 sec 90-239 sec 10-89 sec 0-9 sec
Sitting / measured in seconds
Left arm outstretched 90 degree 240 sec 90-239 sec 10-89 sec 0-9 sec
Sitting / measured in seconds
Vital capacity predicted >/=80 65-79 50-64 <50
Right hand grip kgW
Men >/=45 15-44 5-14 0-4
Women >/=30 10-29 5-9 04
Left hand grip kgW
Men >/=35 15-34 5-14 0-4
Women >/=25 10-24 59 04
Head lifted 45 degree supine 120 30-119 1-29 0
Seconds
Right leg stretched 45 degree 100 31-99 1-30 0
Supine measured in seconds
Left leg stretched 45 degree 100 31-99 1-31 0

Supine measured in seconds

Total score (range 0-39)
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Table 3. MGFA Clinical Classification Scale

MGFA CLINICAL CLASSIFICATION

Class Clinical signs

1 Any ocular muscle weakness.
May have weakness of eye closer.
All other muscle strength is normal

II Mid weakness affecting other than ocular muscles
May also have ocular muscle weakness of any severity.

lia Predominantly affecting limb or axial muscles or both
May also have lesser involvement of oropharyngeal muscles.

Iib Predominately affecting oropharyngeal or respiratory muscles or both.
May also have lesser or equal involvement of limb or axial muscles or both

I Moderate weakness affecting other than ocular muscles.
May also have ocular muscle weakness of nay severity.

Illa Predominately affecting limb or axial muscles or both.
May also have lesser involvement of oropharyngeal muscles.

IIb Predominately affecting oropharyngeal or respiratory muscles or both.
May also have lesser or equal involvement of limb or axial muscles or both.

v Sever weakness affecting other than ocular muscles.
May also have ocular muscle weakness of any severity.

Iva Predominantly affecting limb and /or axial muscles.
May also have lesser involvement of oropharyngeal muscles.

Ivb Predominately affecting oropharyngeal or respiratory muscles or both.
May also have lesser or equal involvement of limb or axial muscles or both.

Defined by intubation, with or without mechanical ventilation, except when
employed during routine post operative management. The use of feeding tube
without intubation places patient in class Ivb.
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Figure 1
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Figure 2. Myasthenia Gravis Interactive Pain Schematic
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