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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). Inflanlffiatory and degenerative 

diseases affect almost 50% of the general population during their lives (Laufer, 

Gay & Brune, 2003). 

Myasthenia gravis (MG), an inflammatory degenerative nlusculoskeletal 

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 nluscle impairment leading to respiratory arrest. Inflammatory 

contributors, like lymphokine interferon-y (INF-y) and tumor necrosis factor-a 

(TNF- a), 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 aI., 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 aI., 1996). Biotech week (Dec. 1, 2004) 

reported that a significant percentage ofMG 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 nunlber 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 experiencil1g pain. The lack ofphysician's awareness of the 

patient's pain resulted in failure to treat pain." 

Moreover, studies using the SF-36, a meaSllrement tool used to evaluate the 

inlpact 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 aI., 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 aI., 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 ofthe Purpose 

MG case studies mention discomfort and pain, and yet, pain is not 

routinely addressed by healthcare practitioners caring 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 of20/100,000 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 & G-ilhus, 2003). 

MG has two general categories, 80-90% are seropositive (SPMG)-patients 

witll 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 ofAchR), or abs against unspecified antigen targets 

(Agius et aI., 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 ofAchR, thereby reducing electrical signals, 

however, MG patients can also develop abs against voltage gated potassium 
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channels (Myland et aI., 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 aI., 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 ofMG) 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 neigtlboring epitope regions, refe~ed 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 ofMG, 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, llence 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 conlprised 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 

inflamnlatory response (Skeie et aI., 2003). CD4+ T cells, called Th1 

proinflammatory phenotype, produce INF-y in response to AchR, which increases 

histocompatibility towards muscle cells while IL-12 assists naIve T helper cells to 

stimulate maximal INF-y (Fraenkel et aI., 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 aI., 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 

NMJ 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 

ofproteases, 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 aI., 2002). CD4+ T cells, specific for AchR 

epitopes, also secrete proinflammatory cytokine IL-2 and IL-l O. 

Within MG, muscle fibers have an increased regulatory effect ofTNF-a 

which is associated with painful pathological conditions, such as polymyositis 

(Kuru et aI., 2000; Poea-Guyon et aI., 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-1 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 aI., 2000). In other neurological diseases, TNF-a combined 

with INF-1 assists in demyelination, axonal damage and abnormal configlrration 

of Schwann cells and may explain reports of increased eNS demyelinating 

disease occurring in MG patients (Aaril, 2003). Parts of the inflammatory process 

ofMG 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 (Ii & 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 o/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 ill 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 PBD were found within the same case studies and used the 

words pn/pnfto describe GI pain. MG-GI cases used the words pn/pnf 44% of the 

tinle. MG-GI found thymomas in 41.4% of total GI cases. MG-GI, thymoma and 

use of the words pn/pnfwas found in 37.9% of total GI cases. In MG-GI cases 

reporting GP or PBD the use ofPn/pnfwere 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/pnfwere found in 39% and M ds in 71%. MG-IMD 

articles reported a 71 % frequency of comorbid thymoma. MG-IMD and 

thynloma, 35% used the words pn/pnfand 85% contained M-ds. 

MG-Myopathy articles included myopathy, polynlyopathy and muscle 

degeneration. Polymyopathy was always associated with myopathy. MG

Myopathy articles used of the words pn/pnfwas 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 mayor 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/pnfwere 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 nellrological 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 CRP 

which were muscle spasms or cramps. GI related to GP continued in 8% of these 

articles. Combining GP complaints with the use ofpn/pnf, M-ds and S-ds, then 

40% had pain or discomfort. 

Summary ofthe literature review analysis. In summary, this review found 

that 260/0 of the case-reports presented with thymoma, which is higher than the 

usual 10% ofMG 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 ofpain 

descriptors which placed the patient at greater risks for thymoma. 

Implications for Nursing/Nurse Practitioner Practice 

The potential for various types ofpain within MG is complex, as a result, 

recognition ofpain 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 nllrse 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, Gilhus, 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 aI., 2003; 

Wakayama, Ohbu, & Machida, 1991). 

Pain treatment considerations andfuture research. Treatment for pain 

starts with stabilizing the MG through immune modulation, including immune 

suppression, plasmaphersis al1d/or IV immunoglobulin. Corticosteroids such as 

prednisone, are mainstay treatments but run the risk of rapid decompensation. 
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However, corticosteroids may help with pain. Newer immune modulators 

recommended include: azathioprine (Imuran), mycophenolate mofetil (Cellcept), 

cyclophosphamide (Cytoxan) and cyclosporine (Sandinunune, 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-(1 

(Ponseti et aI., 2005; Takamori et aI., 2004). Rapsyn is being reviewed as a 

possible therapy avenue (Losen et aI., 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 ofFc receptors, interfering 

with activation of complement and production of cytokines (Dalakas, 2004). IVIG 

also shows marked improvements in immune parameters in repeated muscle 

biopsies (IlIa, 2005). IVIG for treatment ofMG 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 ofpain 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 aI., 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 

nlanagement. 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 progressiol1 of 

MG as well as associated co-morbid conditions and syndromes (specifically 

paraneoplastic syndromes). Furthermore, MG has a physiological potential to 
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follow the chronic pain pathway following immllne insult. There is evidence that 

pain is affecting this population. There is insufficient evidence relating to MG 

pain and pain nlanagement, 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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Table 2. Modified Quantitative MG Score for Disease Severity 

Modified Quantitative MG Score for Disease Severity 

Test item 

Double vision on lateral gaze 
Right or left circle on seconds 

Ptosis upward gaze seconds 

Facial muscles 

Swallowing 

Speech after counting aloud 
Fronl 1-50 onset dystharia 

Right arm outstretched 90 degree 
Sitting / measured in seconds 

Left arm outstretched 90 degree 
Sitting / measured in seconds 

Vital capacity predicted 

Right hand grip kgW 

Men 
Women 

Left hand grip kgW 
Men 
Women 

Head lifted 45 degree supine 
Seconds 

Right leg stretched 45 degree 
Supine measured in seconds 

Left leg stretched 45 degree 
Supine measured in seconds 

None 
0 

61 

61 

Normal lid 
Closure 

Normal 

None at 50 

240 sec 

24·0 sec 

>/=80 

>/=45 
>/=30 

>/=35� 
>/=25� 

120� 

100 

100 

Mild� 
1� 

11-61 

11-61 

Complete 
with some 
resistance 
Minimum 
Coughing or 
Throat 
Clearing 

Dysarthria at 
30-49 

90-239 sec 

90-239 sec 

65-79 

15-44 
10-29 

15-34 
10-24 

30-119 

31-99 

31-99 

Moderate Sever Score 
2 3 

1-10 Spontaneous 

1-10 Spontaneous 

complete Incomplete 
without 
resistance 
sever Cannot 
coughing swallow 
choking or 
nasal� 
Regurgitation� 
Dystharia at Dystharia at� 
10-29 9 

10-89 sec 0-9 sec 

10-89 sec 0-9 sec 

50-64 <50 

5-14 0-4 
5-9 0-4 

5-14 0-4 
5-9 0-4 

1-29 0 

1-30 0 

1-31 0 

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

Class� Clinical signs 

I� 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.� 

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

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

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

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

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

Iva� Predominantly affecting limb and lor 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 2. Myasthenia Gravis Interactive Pain Schematic 

Chronic Pain Pathway within MG 
Schematic 

Chronic Humeral 
activation 

Ca+ influx and 
"intra"cellular 
2nd messenge; 
systems 
activated 
Ca+ release, K+ 
dysregulation. 
Mg+ plug out 
Activation of 
NMDA 
receptors 
NMDA 
activation 
initiates pain 
centralization 

Possible 
autonomic 
nervous system 
involvement 
Activation of 
intra muscular 
nerve endings 

Chronic 
inflammatory 
response 

NMDA-NO driven 
hyperexcitability 
(dorsal hom 

neuron?) 
NO synthase 
dysregulation = 
activation of 
nociceptors 
Ca+ influx activas 
MAP 

Activation ofC 
fibers through 
mechano-receptors 

Increased release of Sub 
P, eaa, PG, TNF, NGF, 
cytokines 
& Inflammatory 
comolement oathwav 

T cell response 
Increased activation 
of Inflammatory 
complement 
pathway. 
Continued 

activation ofTNF, 
NGF, PG, eaa, and 
cytokines, 
Recruitment of 
nocipetors & non 
nociceptors 
Diffusion ofNO to 
PNS-( activation of 
glia?) 

Structural changes in 
RyR, mitochondria, 
sacroplasmic 
reticulum, tubular 
aggragrites 
Acitve RyR and 
structures activate., , 
Ca+, K+ 

Structural 
/transcriptional 
changes: 
Nervous system 
:denervationl 
innervation 
Activation ofC 
fibers continues 
Circulatory 
Micorvascular 
Cellular 
Changes in 
muscle cell occur 
on both surface 
and intracellar 
level 
channels/proteins 
Metabolic 
Oxidative 
glycolytic cycle 
impaired 

Central nervous 
system 

Probablehypersensitivity 
Cortical reorganization &

--+ Activation ofnon ~ hyperreactivity ofmyelinated C fibers 
somatosensory system sensitivity to 

chemical and non 
painful stimuli 



Pain and Disconlfort in the Myasthenia Gravis Population 32 

References 

Aarli, J. (2003). Role of cytokines in neurological disorders. Current Medicinal Chemistry, 10, 

1931-1937. 

Abbas, K., Murphy, K. & Sher, A. (1996). Functional diversity of helper T lymphocytes. 

Nature, 383, 787-793. 

Agius, M. (2003). Introduction. Annals ofthe New York Academy ofSciences, 998, pg.xiii 

Agius, M., Richman, D., Fairclough, R., Aari, J., Gilhus E., & Romi, F. (2003). Three forms of 

immune myasthenia. Annals ofthe New York Academy ofSciences, 998,453-456. 

Asanuma, K., Saida, K., Ohta, M., & Konishi,T. (1999). Subacute motor neuropathy associated 

with myasthenia gravis and thymoma. Rinsho Shinkeigaku, 39(7), 739-744. 

Barrett-Jolley, R., Byrne, N., Vincent, A., & Newsom-Davis, J. (1994). Plasma from patients 

with seronegative myasthenia gravis inhibit nAChR responses in the TE671/RD cell line. 

Pfliigers Archives, 428, 492-498. 

Berchtold, M., Brinkmeier, H., & Muntener, M. (2000). Calcium ion in skeletal muscle: Its 

crucial role for muscle function, plasticity, and disease. Physiological Reviews, 80 (3) 

1215-1265. 

Bennett, R. (2002). The Clinical Neurobiology ofFibromyalgia and Myofasial pain: 

Theuropeutic Implications. Binghampton, New York:The Haworth Medical Press. 

Biotech week via NewsRx.com. Decl,(2004). Pennsylvania State University: Pain often 

overlooked in neuronluscular disorder patients. Dec 1 Lexis Nexis. Retrieved May, 9, 

2005 from http://LexisNexis.com. 

Brower, V. (2000). New paths to pain relief. Nature Biotechnology, 18,387-391. 



Pain and Discomfort in the Myasthenia Gravis Population 33 

Carlander, B., Touchon, J., Georgesco,M., Cadihac, J. (1991). Myasthenia gravis and recurrent Guillain

Barre syndrome. Neurology, 41 (11) 1848. 

Chitnis, T., Khoury, J., & Samia J. (2003). ImnlUllologic neuromuscular disorders. Journal of 

Allergy Clinical Immunology, 111, S659-68. 

Christadoss, P.(2000). Myasthenia Gravis: Disease Mechanisms and Immunointervention, 

Narosa Publishing House, New Delhi, India. 

Colom, L., Alexianu, M., Mosier, D., Smith, G., & Appel, S. (1997). Amytorophic lateral 

sclerosis immunoglobulins increase intracellular calcium in a motomeuron cell line. 

Experimental Neurology, 146,354-360. Article No. EN976541. 

Dalakas, M (2004). Intravenous immunoglobin in autoimmune neuromuscular diseases. Journal 

ofthe American Medical Association, 291, 2367-2376. 

Evoli, A.,Tonali, P., Padua, L., Monaco, M., Scuderi, F., Batocchi, A., et al. (2003). Clinical 

correlates with anti-MuSK antibodies in generalized seronegative myasthenia gravis. 

Brain, 126, 2304-2311 

Ferrans, C. Zerwic, J., Wilbur, J., & Larson, J. (2005). Conceptual model of health-related 

quality of life. Journal ofNursing Scholarship, 37 (4) 336-42. 

Fraenkel, P., Rutkove, S., Matheson, J., Fowkes, M, Cannon, M., Patti, M., et al. (2002). 

Induction of myasthenia gravis, myositis, and insulin-dependent diabetes mellitus by 

high-dose interleukin-2 in a patient with renal cell cancer. Journal ofImmunotherapy. 

25(4):373-378. 

Harden, R. (2007). Muscle pain syndromes. American Journal of Medical Rehabilitation, 86, 

S47-S58. 

IlIa, I. (2005). IVlg in myasthenia gravis, Lambert Eaton myasthenic syndrome and 

inflammatory myopathies: Current status. Journal ofNeurology, 252,114-18. 



Pain and Discomfort in the Myasthenia Gravis Population 34 

Ji, R., & Woolf, C.,( 2001). Neuronal plasticity and signal transduction in nociceptive neurons: 

implications for the initiation and maintenance of pathological pain. Neurobiological 

Discourses, 8 (1) 1-10. 

Kalovidouris, A., Plotkin, Z. (1995). Synergistic cytotoxic effects of interferon-gamma and 

tumor necrosis factor alpha on cultured human muscle cells. Journal 0/Rheumatology, 

22, 1698-1703. 

Kuru, S., Inukai, A., Liang, Y., Tanko, A., & Sobue, G. (2000). Tumor necrosis factor-a 

expression in muscles of polymyositis and dermatomyositis. Acta Neuropathlogy, 99, 

585-588 

Laufer, S., Gay, S., & Brune, K. ( 2003). Inflammation and Rheumatic Diseases: The Molecular 

Basis o/Novel Therapies. New York, New York: Thieme Verlag. 

Levinson, A., Zheng,Y., Gaulton, G., Moore, J., Pletcher, C., Song, D., et al. (2003). A new 

model linking intrathymic acetylcholine receptor expression and the pathogenesis of 

myasthenia gravis. Annals o/the New York Academy o/Sciences, 998,257-265. 

Lloyd, J., & Mitchell, R. (1988). Myasthenia Gravis as cause of facial pain. Oral Surgeon 

Medicine and Oral Pathology. 66(1): 45-6 

Losen, M., Stassen,.H., Martinez-Martinez, P., Machiels, B. M., Duimel, H., Frederik, P., et al. 

(2005). Increased expression of raspyn in muscle prevents acetylcholine receptor loss in 

experimental autoimmune disease. Brain, 128, 2327-37. 

Myland, A., Vincent, A., Newsom-Davis, J., Kaminski, H., Zorzato, F., Agius, M., Gilhus, N.E., 

et al. (2000). Autoantibodies in thymoma-associated myasthenia gravis with myositis or 

neuromyotonia. Archives o/Neurology, 57, 527-531. 



Pain and Discomfort in the Myasthenia Gravis Population 35 

Nizri, E., Hamra-Amitay, Y., Sicsic, C., Lavon, I., & Brenner,T. (2006). Anti-inflammatory 

properties of cholinergic up regulation: A new role for acetylcholinesterase inhibitors. 

Neuropharmacology, 50, 540-547. 

Padua, L., Evoli, A., Aprile, I., Caliandro, P., D'Amico, Rabini, A., et al. (2002). Quality of life 

in patients with myasthenia gravis. Muscle and Nerve, 25, 466-467. 

Paul, R., Nash, J., Cohen, R.., Gilchrist, J., & Goldstein, J. (2001). Quality of life and well-being 

ofpatients with myasthenia gravis, Muscle and Nerve, 24, 512-516. 

Paul, R., Cohen, R., & Golstein, J. (2000). Severity ofmood, self-evaluative, and vegetative 

symptonls of depression associated with myasthenia gravis. Journal ofNeuropsychiatry 

Clinical Neuroscience, 12, 499-501. 

Picavet, H,. & Hazes, J. (2003). Prevalence of self reported muscoskeletal diseases is high. 

Annals ofRheumatoid diseases, 62 (7) 644-650. 

Picavet, H. & Hoeymans, N. (2004). Health related quality of life in multiple musculoskeletal 

diseases: SF-36 and EQ-5D in the DMC3 study. Annals ofRheumatoid diseases, 63, 723

729. 

Poea-Guyon, S., Christadoss, P., Panse, R., Guyon, T., De Baets, M., Wakkach, A., et al. (2005). 

Effects of cytokines on acetylcholine receptor expression: Implications for myasthenia 

gravis. Journal ofImmunology, 174,5941-5949. 

Ponseti, J., Azem, J., Fort, J., Lopez-Cano, M., Vilallonga, R., Buera, M., et al. ( 2005). Long

term results of tacrolimus in cyclosporine- and prednisone- dependent myasthenia gravis. 

Neurology, 64, 1641-1643 

Richmann D., & Agius M. A. (2003). Treatment of autoimmune myasthenia gravis. Neurology 

61,1652-1661.� 



Pain and Discomfort in the Myasthenia Gravis Population 36 

Romi, F., Gilhus, N. E., Varhaug, J. E., Myking, A.,& Aarli, J. A. (2003). Thymectomy in 

nonthymoma early-onset correlation with disease seveity and muscle autoantibodies. 

European Journal ofNeurology, 49, 210-219. 

Romi, F., Gilhus, N., Varhaug, J., Myking, A., & Aarli, J. (2003). Disease severity and outcome 

in myasthenia gravis: a long-term observation study. European Journal ofNeurology, 

10,701-706. 

Scaioli, V., Andretta F., & Mantegazza R. (2004). Unusual neurophysiological and 

immunological findings in myasthenia gravis: A case report. Journal ofthe Peripheral 

Nervous system, 9, 92-97. 

Shaiova, L. (2006). Difficult pain syndromes: bone pain, visceral pain, and neuropathic pain. 

Cancer Journal, 12, 330-3340. 

Siemion, I., Kluczyk, A., & Cebrat, M. (2005). The peptide molecular links between the central 

nervous and immune systems. Amino Acids, 29, 161-176. 

Skeie, G., Romi, F., Aarli, J., Bentsen, P., & Gilus, E. (2003). Pathogenesis of myositis and 

myasthenia associated with titin and ryanodine receptor antibodies. Annals ofthe New 

York Academy ofSciences, 998, 343-350. 

Stahl, S. (2003). Here today and gone tomorrow: the curse of chronic pain and other sensitization 

syndromes. Journal ofClinical Psychiatry, 64, 863-864. 

Takamori, M., Motomura, M., Kawaguchi, N., Nemoto, Y., Hattori, T., Yoshikawa, H., et 

al.(2004). Anti-ryanodine receptor antibodies and FK506 in myasthenia gravis. 

Neurology 62, 1894-1896 

Tiffreau,V., Viet, G., & Thevenon, A. (2006). Pain and neuromuscular disease: The results ofa 

survey. American Journal ofMedicine and Rehabilitation, 85, 756-766. 



Pain and Discomfort in the Myasthenia Gravis Population 37 

Van Hagen, P., Breeman, W., Reubi, J., Postema, P., van den Anker-Lugtenburg, P., 

Kwekkeboom, D. et al (1996). Visualization of thymus by substance Preceptor 

scintigraphy. European Journal ofNuclear Medicine, 23, 1508-13. 

Wakayama, Y., Ohbu, S., & Machida, H. (1991). Myasthenia gravis, muscle twitch, 

hyperhidrosis and limb pain associated with thymoma: proposal ofpossible new 

myasthenic syndrome. Tohoku Journal Experimental Medicine, 164, 285-291. 

Wells-Federman, C, Arnstein, P., & Caudill, C. (2002). Nurse-led pain managenlent program: 

Effect on self-efficacy, pain intensity, pain-related disability, and depressive symptoms in 

chronic pain patients. Pain Management Nursing, 3, 131-140. 

Wilson, I., & Cleary, P. (1995). Linking clinical variables with health-related quality of life.A 

conceptual model of patient outcomes. JAMA, 273, 59-65. 



Pain and Discomfort in the Myasthenia Gravis Population 38 

Appendix A� 

References for Reviewed Articles Containing Cases� 

Alcantara J., Steiner D.M., Plaugher G., Alcantara J. (1999). Chiropractic management of a 

patient with myasthenia gravis and vertebral subluxations. Journal ofManipulative and 

Physiological Therapeutics, 22(5), 333-340. 

Anderson N.E., I-Iutchinson D.O., Nicholson G.J., Aitcheson F., & Nixon J.M. (1996). Intestinal 

pseudo-obstruction, myasthenia gravis, and thymoma. Neurology, 47(4), 985-987. 

Anvesin, C .(2000). Myasthenia, thymoma, presynaptic antibodies, and continuum of 

neuromuscular hyperexcitability. Neurology, 55 (3), 458-459. 

Anvesin C., & Agamanolis, D. (1996). Rippling muscles and myasthenia gravis with rippling 

muscles. Archives of Neurology, 53(2),197-199. 

Avni I., Sharabi Y., Sadeh M., & Buchman A.S. (2006). Eosinophilia, myositis, and myasthenia 

gravis associated with a thymoma. Muscle & Nerve, 34, 242-245. 

Bankar R., & Kohnke A. (2005). An elderly man with dysphagia and dysarthria. Indian Journal 

ofMedical Sciences, 59(10), 458-460. 

Barbosa R., Cordova S., & Cajigas J. (2000). Coexistence of systemic lupus erythematosus and 

myasthenia gravis. Lupus, 9(2), 156-157. 

Berger A., Swerdlow M., & Herskovitz S. (1996). Myasthenia gravis presenting as 

uncontrollable flatus and urinary / fecal incontinence. Muscle and Nerve, 19(1),113-114. 

Berger J., Ayyar D.R., Kimura I., & Kovacs A. (1985). Myasthenia gravis complicating 

Charcot-Marie_Tooth Disease: Report of a Case. Journal ofClinical Neuro

ophthalmology, 5(2), 76-80. 



Pain and Discomfort in the Myasthenia Gravis Population 39 

Bergman R., Johns R., & Afifi A. (1971). Ultrastructural alterations in muscle from patients 

with myasthenia gravis and eaton-lambert syndrome. Annals o/the New York Academy 

o/Sciences, 183, 88-122. 

Bhinder S., Majithia V., & Harisdangkul V. (2005). Myasthenia gravis and systemic lupus 

erythematosus: truly associated or coincidental - two case reports and review of the 

literature. Clinical Rheumatology, 25(4), 555-556. 

Bogousslavsky J., Regli F., Doret A., Fulpius B., Ostinelli B., Rabinowicz T., et al.(1983). 

Encephalopathy, Peripheral neuropathy, dysautonomia, Myasthenia gravis, Malignant 

thymoma, & antiacetylcholine receptor antibodies in CSF. European Neurology, 22 (5), 

301-306. 

Boras V., Brailo V., Sostarko M., & Cucevia B. (2005). Candidiasis with thymoma and 

myasthenia gravis. Oral Oncology Extra, 41, 56-59. 

Borodic G. (1998). Myasthenic crisis after botulinum toxin. The Lancet, 352 (9143),1832. 

Boz C., Kalay E., Sahin N., Velioglu S., Osmenoglu, M., & Karaguzel A. (2004). Ocular 

myasthenia gravis associated with x-linked recessive spinal and bulbar nluscular atrophy. 

Journal o/Clinical Neuromuscular Disease, 5(3), 115-118. 

Brozzi F., Bianchi F., Pinchera A., & Ceccarelli C. (2005). Slow radioactive saliva transit 

through the esophagus mimicking a mediastinal thyroid mass in a patient with 

myasthenia gravis. Thyroid, 15(12), 1397-1398. 

Burch J., Warren-Gash C., Ingham V., Patel M., Bennett D., & Chaudhyri K. (2006). 

Myasthenia gravis - a rare presentation with tongue atrophy and fasciculation. Age and 

Ageing, 35(1), 87-88. 



Pain and Discomfort in the Myasthenia Gravis Population 40 

Burke J.S.,Medline N.M., & Katz A. (1969). Giant cell myocarditis and myositis. Archive of 

Pathology, 88, 359-366. 

Carlander B., Touchon J., Georgesco M., & Cadilhac J. (1991). Myasthenia gravis and recurrent 

Guillain-Barre syndrome. Neurology, 41(11), 1848. 

Chen C., Chang H., Lyu R., Tang L., & Chen S. (1997). Myasthenia gravis and Charcot-Marie

Tooth disease type 1a: an unusual combination of diseases. Muscle and Nerve, 20(11), 

1457-1459. 

Comerci G., Buffon A., Biondi-Zoccai G.G., Ramazzotti V., Romagnoli E., Savino M., et al. 

(2005). Coronary vasospasm secondary to hypercholinergic crisis: An iatrogenic cause 

of acute myocardial infarction in myasthenia gravis. International Journal of 

Cardiology, 103(2), 270-271. 

Court case. An arresting situation. (1999). Nursing, 29(12),73. 

de Jongste M., Oosterhuis H., & Lie K.. (1986). Intractable ventricular tachycardia in a patient 

with giant cell myocarditis, thymoma and myasthenia gravis. International Journal of 

Cardiology, 13(3),374-378. 

De Reuck J., Thiery E., De Coster W., & Van Der Eecken H. (1976). Myasthenic syndrome in 

polymyositis. European Neurology, 14(4),275-284. 

Dias-Tosta, E., Knuckelhaus, C., & Amaral, K. (1999). Case Report: Myasthenia gravis and 

pheripheral neuropathy in an Amazon indigenous female. Neuromuscular Disorders, 9, 

262-263. 

Farah R., Farah R., & Simri W. (2005). Acute motor sensory axonal Guillain-Barre syndrome & 

myasthenia gravis. European Journal ofMedicine, 16(2), 134-135. 



Pain and Discomfort in the Myasthenia Gravis Population 41 

Fasano A., Bentivoglio A., Ialongo T., Soleti F., & Evoli A. (2005). Treatment with botulinum 

toxin in a patient with myasthenia gravis and cervical dystonia. Neurology, 64(12), 2155

2156. 

Finelli P. (2005). Primary CNS lymphoma in myasthenic on long-term azathioprine. Journal of 

Neuro-Oncology, 74(1), 91-92. 

Finnie I., Shields R., Sutton R., Donnelly R., & Morris A. (1994). Crohn's disease and 

myasthenia gravis: a possible role for thymectomy. Gut, 35(2), 278-279. 

Foroozan R., & Sambursky R. (2003). Ocular myasthenia gravis and inflammatory bowel 

disease: a case report and literature review. British Journal ofOphthalmology, Set., 

87(9),1186-1187. 

Fukushima K., Sato T., Mitsuhaslli S., Kanecko K., Yazaki M., Matsuda M., et al.(2006). Isaacs' 

syndrome associated with myasthenia gravis, showing remission after cytoreductive 

surgery ofpleural recurrence of thymoma. Neuromuscular Disorders, 16(11),763-765. 

Garcia-Merino A., Cabello A., Mora J., & Liano H. (1991). Continuous muscle fiber activity, 

peripheral neuropathy & thymoma. Annals ofNeurology, 29(2),215-218. 

Giordano,A., & Hayman, J. (1944). Myasthenia gravis: A report of two cases with necropsy 

finding. American Journal ofClinical Pathology, 14, 253-265. 

Gower-Rousseau C., Reumaux D., Bellard M., Delecourt L., Ribet M., & Colombel J. (1993). 

Remission ofmyasthenia gravis after proctocolectomy in a patient with ulcerative colitis. 

American Journal of Gastroenterology, 88(7), 1136-1138. 

Greenberge, S.(2004). Acquired rippling nluscle disease with myasthenia gravis. Muscle & 

Nerve, 29(1), 143-146. 



Pain and Discomfort in the Myasthenia Gravis Population 42 

Hain B., Jordan K., Deschauer M., & Zierz S. (2006). Successful treatment of MuSK antibody 

positive myasthenia gravis with rituximab. Muscle & Nerve, 33(4), 575-580. 

Hausmanowa-Petrusewicz I., Blaszczyk M., & Jablonska S. (1993). Coexistence of 

scleromyositis associated with pnl-scl antibody and myasthenia. Neuromuscular 

Disorders, 5(2), 145-147. 

Hayat G., Kulhantrakom K., Campbell W., & Giuliani M. (2000). Neuromyotonia: autoimnlune 

pathogenesis and response to immune modulating therapy. Journal ofthe Neurologic 

Sciences, Dec., 181(1-2),38-43. 

Heidnreich F., & Vincent A. (1998). Antibodies to ion channel proteins in thymoma with 

myasthenia gravis, neuromyotonia, and peripheral neuropathy. Neurology, 50(5), 1483

1485. 

Ho T., Ko K., & Chan K. (1995). Autoimmune chronic active hepatitis and polymyositis in a 

patient with nlyasthenia gravis and thymoma. Journal of Neurology Neurosurgery 

Psychiatry, 59(5), 558-559. 

Hong, S., Khang, S., Kim, K., Bae, Y., & Park, S. (2000). A case of myasthenia gravis proven 

by ultrastructural study. Journal Korean Medical Science, 15 (2) 251-254. 

Ijichi T., Adachi Y., Nishio A., Kanaitsuka T., Ohtomo T., & Nakamura M. (1995). Myasthenia 

gravis, acute transverse myelitis and HTLV-I. Journal ofNeurological Sciences, 133(1

2), 194-196. 

Inatus A., Ohi T., Shioya K., & Matsukura S. (1992). A case of myasthenia gravis occurring in 

the period of remission of chronic inflammatory denlyelinating polyradiculoneuropathy. 

Rinsho Shinkeigaku, 32(8), 878-879. 



Pain and Discomfort in the Myasthenia Gravis Population 43 

Ishii W., Matsuda M., Okamoto N., Shimojima Y., Yazaki M., Motomura M., et al. (2005). 

Myasthenia gravis with anti-MuSK antibody, showing progressive muscular atrophy 

without blepharoptosis. Internal Medicine, 44(6), 671-672. 

Iwadate H., Kobayashi H., Shio K., Noguchi E., Watanabe K., Sasajima T., et al. (2006). A case 

of systemic lupus erythematosus complicat~d by pure red cell aplasia and idiopathic 

portal hypertension after thymectomy. Modern Rheumatology, 16(2),109-112. 

Iwase T., & Iwase C. (2006). Systemic effect of local and small-dose botulinum toxin injection 

to llnmask subclinical myasthenia gravis. Graefe's Archives ofClinical Experimental 

Ophthalmology, 244(3), 415:416. 

Johnansson E.A., Niemi K., Lassus A., & Gripenberg M. (1981). Mixed connective tissue 

disease: a follow-up study of 12 patients with special reference to cold sensitivity and 

skin manifestations. Acta Dermatovener (Stockholm), 61 (3), 225-231. 

Joudinaud T., Fadel E., Thomas-de-Montpreville V., Mussot S., Flecher E.M., & Dartevelle P. 

(2006). Fatal giant cell myocarditis after thymonla resection in myasthenia gravis. The 

Journal ofThoracic and Cardiovascular Surgery, 131(2), 494-495. 

Kawamura T., Kinoshita M., Ishida T., Nakazato H., & Saito E. (1984). Study on the 

pathogenesis of myokymia, hyperhdrosis and increased urinary excretion of 

catecholamine after thymectomy in myasthenia gravis. Rinsho Shinkeigaku, 24(7), 723

728. 

Kaya C., & Karaman M. (2005). Case report: A case of bladder dysfunction due to myasthenia 

gravis. International Urology and Nephrology, 37(2), 253-255. 



Pain and Discomfort in the Myasthenia Gravis Population 44 

Ketz E., Fopp M., Weissert M., & Bekier A. (1979). Polymyositis, myasthenic syndrome & 

thymoma in a patient with defective cell-mediated immunity. Acta Neurology Belg, 

79(6), 469-474. 

Kimura K., Nezu A., Kimura S., Otsuki N., Kobayashi T., Nomura Y., et al. (1998). A case of 

myasthenia gravis in childhood associated with chronic inflammatory demyelinating 

polyradiculoneuropathy. Neuropediatrics, 29(2), 108-112. 

Kimura S., Nezu A. (1989). Peripheral nerve involvement in myasthenia gravis. Brain & 

Development, 11(6), 429-432. 

Kitae, S., Kawakami, H., Matosuoka, N., Etol, R., Nakamura, S. (2001). A case of myasthenia 

gravis accompanied by large thymoma and anti-Goad antibody. Rinsho Shinkeigaku, 41, 

11, 818-821. 

Kister I.,Gulati S., Boz C., Bergamaschi R., Piccolo G., Oger J., et al. (2006). Neuromyelitis 

Optica in patients with myasthenia gravis who underwent thymectomy. Archives of 

Neurology, 63(9), 851-856. 

Kitae S., Kawakami H., Matsuoka N., Etoh R., & Nakamura S. (2001). A case of myasthenia 

gravis accompanied by large thymoma and anti-GAD antibody. Rinsho Shinkeigaku, 

41(11), 818-821. 

Koc F., Yerdelen D.,& Sarcia Y. (2003). Myasthenia gravis and invasive thymonla with 

multiple intracranial metastases. Journal ofClinical Neuromuscular Disease, 4(4), 171

173. 

Kombillth, A., Salomon,P., Sachar, D. et al.(1990). Myasthenia Gravis Coexistent with Crohn's 

Disease. Journal ofClinical Gastroenterology, , pages 371-7. 



Pain and Discomfort in the Myasthenia Gravis Population 45 

Lava N., Rodickok L., & Martinez L. (1976). Recurrence of thymoma and myasthenia gravis 

after 19 years. Neurology, 26(7), 696-698. 

Lee E., Maselli R., Ellis W., & Agius M. (1998). Morvan's fibrillary chorea: a paraneoplastic 

manifestation of thymoma. Journal ofNeurology Neurosurgery & Psychiatry, 65(6), 

857-862. 

Lin P., Martin B., Weinacker A., & So Y.(2006). High-dose cyclophosphamide in refractory 

myasthenia gravis with MuSK antibodies. Muscle and Nerve, 33(3), 433-435. 

Lloyd, J., & Mitchell, R. (1988).Myasthenia Gravis as cause of facial pain. Oral Surgeon 

Medicine and Oral Pathology, 66(1): 45-6 

Manckoundia P., Martin-Pfitzenmeyer I., & Pfitzenmeyer P. (2005). Myasthenia gravis 

associated with a B-cell, non-Hodgkin's lymphoma. European Journal ofInternal 

Medicine, 17, 146. 

Martin R., & Shah A. (1991). Myasthenia gravis coexistent with crohn's disease. Journal of 

Clinical Gastroenterology, 13(1),112-113. 

Martinelli P., Patuelli A., Minardi C., Cau A., Riviera A., & Dal Pozzo F. (1996). 

Neuromyotonia, peripheral neuropathy and myasthenia gravis. Muscle and Nerve, 19(4), 

505-510. 

Maslovsky I., Gefel D., Uriev L., Ben Dor D., & Lugassy G. (2005). Malignant thymoma 

complicated by amegakaryocytic thrombocytopenic purpura. European Journal of 

Internal Medicine, 16(7), 523-524. 

McComas A. (1977). Myasthenia gravis preceded by quantal squander myokymia. 

Neuromuscular Function and Disorders, 315-317. 



Pain and Discomfort in the Myasthenia Gravis Population 46 

Miller H., Shenstone B., Joffe R., & Kannangara S. (1986). A case of Invasive Thymoma 

associated with myasthenia gravis, myositis & demyelinating neuropathy. Clinical 

Experimental Neurology, 22, 13-18. 

Mori M., Kuwabara S., Nemoto Y., Tamura N., & Hattori T. (2006). Concomitant chronic 

inflammatory demyelinating polyneuropathy & myasthenia gravis following 

cytomegalovirus infection. Journal ofNeurological Sciences, 240(1-2), 103-106. 

Muller-Felber W., Ansevin C.F., Ricker K., Muller-Jenssen A., Topfer M., Goebel H.H., et al. 

(1999). Immunosuppressive treatment of rippling muscles in patients with myasthenia 

gravis. Neuromuscular Disorders, 9(8), 604-607. 

Myland A., Vincent A., Newsom-Davis J., Kaminski H., Zorzato F., Agius M., Gilhus N.E., et 

al.(2000). Autoantibodies in thymoma-associated myasthenia gravis with myositis or 

neuromyotonia. Archives ofNeurology, 57(4),527-531. 

Namba T., Brunner N., & Grob D. (1973). Association of myasthenia gravis with pemphigus 

vulgaris, candida albicans infection, polynlyositis and myocarditis. Journal of 

Neurological Sciences, 20(2), 231-242. 

Nicholas A., Chatterjee A., Arnold M., Claussen G., Zorn G., & Oh S. (1997). Stiffman person's 

sydnrome associated with thymoma and subsequent myasthenia gravis. Muscle and 

Nerve, 20, 493-498. 

Oh S., & Sher E. (2005). MG and LEMS overlap syndrome: case report with 

electrophysiological and immunological evidence. Clinical Neurophysiology, 116(5), 

1167-1171. 

Pascuzzi R., Roos K., & Phillips L.H. 2nd (1986). Granulomatous Inflammatory myopathy 

associated with myasthenia gravis. Archives of Neurology, 43(6), 621-623. 



Pain and Discomfort in the Myasthenia Gravis Population 47 

Pascuzzi, R., Sermas,A., Phillips, L. 2nd, Johns, T.(1986).Familial autoimmune myasthenia 

gravis and thymoma: occurance in two brothers. Nellrology,36 (3)423-427. 

Patwa H., Fecko J., & Goldstein J. (1996). Concurrent myasthenia gravis & chronic 

inflammatory demyelinating polyneuropathy. Muscle and Nerve, 19(8),1059-1060. 

Piccolo, G., & Cosi V. (1989). Stiff-man syndrome, dysimmune disorder, and cancer. American 

Neurological Association, 26(1), 105. 

Plwenia K., Dotti M.T., Malandrini A., Manneschi L., Battisti C., De Stefano N., et al.. (1997). 

A rare association of myasthenia gravis and mitochondrial myopathy: a clinical, 

biochemical and morphologic study of one case. Journal Submicroscopic. Cytology and. 

Pathology, July, 29(3), 335-338. 

Puruckherr, M., Pooyan P., Dube D., Byrd R., & Roy T. (2004). The dropped head sign: an 

unusual presenting feature of myasthenia gravis. Neuromuscular Disorders, 14(6), 378

379. 

Rakocevic, G., Barohn R., McVey, A., Damjanov I., Morte P., Vemino S., et al. (2003). 

Myasthenia gravis, thymoma, and intestinal pseudoobstruction: a case report and review. 

Journal ofClinical Neuromuscular Disease, 5(2), 93-95. 

Raschilas F., Mouthon L., Andre M., Azorin J., Couvelard A., & Guilleven L. (1999). 

Concomitant polymyositis and myasthenia gravis reveal thymoma. Annals Medicine 

Interne, 150(5),370-373. 

Regev I., Bomstein N., Carasso R, & Vardi Y. (1982). Acute polyneuropathy combined with 

myasthenia gravis. Acta Neurology Scandinavia, 65(6),681-682. 

Resatoglu A., Tok M., Yemisci M., Yener N., & Yener A. (2006). Autoimmune myasthenia 

gravis after coronary artery bypass surgery. Annals ofThoracic Surgery, 81(2),725-726. 



Pain and Discomfort in the Myasthenia Gravis Population 48 

Rodolico C., Messina S., Toscano A., Vita G., &Gaeta M. (2004). Axial Myopathy in 

nlyasthenia: a misleading cause of dropped head. Muscle and Nerve, 29(2), 329-330. 

Rostedt A.,& Stalberg E. (2004). Joint pain and hyperalgesia due to pyridostigmine bromide in a 

patient with myasthenia gravis. Neurology, 62(5), 835-836. 

Rotkiewiez A., Majos A., Wozniakowski B., & Stefanezyk L. (2006). Invasive Thymoma in 

myasthenia gravis as an almost completely calcified tumor. Journal of Thoracic 

Imaging, 21(1), 40-42. 

Saka E., Topcuoglu M., Akkaya B., Galati A., Onal M., & Vincent A. (2005). Thymus changes 

in anti-MuSK-positive and -11egative myasthenia gravis. Neurology, 64(3), 536-538. 

Sanders D. (2006). Esophageal adynamia in a patient with muscle specific tyrosine kinase 

(MuSK) antibody positive myasthenia gravis (MG). Posters/Clinical Neurophysiology, 

117, S122. 

Saravanan P., Paul J., & Sayeed Z. (2002). Stiffperson syndrome and myasthenia gravis. 

Neurology India, 50(1), 98-100. 

Satoh A., Tsujihata M., Yoshimura T., Mori M., & Nagataki S. (1983). Myasthenia gravis 

associated with satoyoshi syndrome: muscle cramps, alopecia, and diarrhea. Neurology, 

33(9),1209-1211. 

Scaioli V.,Andretta F.,& Mantegazza R. (2004). Unusual neurophysiological and immunological 

findings in myasthenia gravis: a case report. Journal ofthe Peripheral Nervous system, 

9(2), 92-97. 

Scheschonka A., & Beuche W. (2003). Treatment ofpost herpetic pain in myasthenia gravis: 

exacerbation ofweakness due to gabapentin. Pain, 104(1-2), 423-424. 



Pain and Discomfort in the Myasthenia Gravis Population 49 

Schoser B.., Hilton-Jones D., Muller-Felber W., Kubisch C., Vincent A., & Van den Bergh P. 

(2006). Immune-mediated rippling muscle disease with myasthenia gravis a report of 7 

patients. Neuromuscular Disorders, 16, 644-726. 

Schwartz M., & Stalberg E. (1975). Myasthenia gravis with features of the myasthenic 

syndrome. Neurology, 25(1), 80-84. 

Scwartz D., Waclawik A., Ringwala S., Robbins J. (2005). Clinical utility ofvideiofluorography 

with concomitant tensilon administration in the diagnosis of bulbar myasthenia gravis. 

Digestive Diseases and Sciences, 50(5), 858-861. 

Seishima M., Kanoh H., Izumi T., Niwa M., Matsuzaki Y., Takasu A., et ale (2000). A refractory 

case of secondary erythermalgia successfully treated with lumbar sympathetic ganglion 

block. British Journal ofDermatology, 143(4), 868-72. 

Senda Y., Sugimura K., Koike Y., Matsuoka Y., & Takahashi A. (1989). Concurrence of acute 

autonomic and sensory neuropathy & nlyasthenia gravis-A case report and pathogenetic 

considerations. Clinical Neurology, 29(3), 332-335. 

Setijoso,E., Robberecht,W., Van Eyken, P., Roskams, T., et al (1999). Case report: Myasthenia 

gravis another autoimmune disease associated with hepatitis C virus infection. Digestive 

Diseases & Sciences, 44(1), 186. 

Shankar V., & Sayeed Z. (1999). Myasthenia gravis with chronic inflammatory demyelinating 

polyneuropathy- A case report. Neurology India, 47(1), 78-79. 

Shichijo K., Mitsui T., Kunishige M., Kuroda Y, Masuda K., & Matsumoto T. (2005). 

Involvement ofmitochondria in myasthenia gravis complicated with dermatomyositis 

and rheumatoid arthritis: a case report. Acta Neuropathology, 109(5), 539-542. 



Pain and Discomfort in the Myasthenia Gravis Population 50 

Shimada K., Koh C., Tsukada N., Shoji S., & Yanagisawa N. (1989). Detection of immune 

complexes in the sera & around the muscle fibers in a case with myasthenia gravis and 

polymyositis. Rinsho Shinkeigaku, 29(4), 432-435. 

Shimojima Y., Gono T., Yamanl0to K., Hoshi K., Matsuda M., Yoshida K., et al. (2004). 

Efficacy of tacrolimus in treatment of polymyositis associated with myasthenia gravis. 

Clinical Rheumatology, 23(3), 262-265. 

Steidl R., Oswald A., & Kottke F. (1962). Myasthenic Syndrome with associated Neuropathy. 

Archives ofNeurology, 6,451-461. 

Suzuki M., Yoshii T., Ohtsuka T., Sasaki 0., Hara Y., Okura T., et al. (2000). Coronary spastidc 

angina induced by anticholinesterase medication for myasthenia gravis: a case report. 

Angiology, Dec., 51(12), 1031-1034. 

Tabbaa M., Leshner R., & Campbell W.(1986). Malignant thymoma with dysautonomia and 

disordered neuromuscular transmission. Archives of Neurology, 43(9), 955-957. 

Takagi K., Yoshida A., Iwaski H., Inoue H., & Veda T. (2005). Anti-CD20 antibody 

(Rituximab) therapy in a myasthenia gravis patient with follicular lymphoma. Annals of 

Hematology, 84(8), 548-550. 

Takahashi H., Kawaguchi N., Nemoto Y., & Hattori T. (2006). High-dose intravenous 

immtilloglobulin for the treatment of MuSK antibody-positive seronegative myasthenia 

gravis. Journal ofthe Neurological Sciences, 247(2), 239-241. 

Tam D., & Chalmers A. (1999). Chronic inflammatory demyelinating polyneuropathy & 

myasthenia gravis. Journal ofchild neurology, 14(7), 478-479. 



Pain and Disconlfort in the Myasthenia Gravis Population 51 

Tanahashi N. ,Sato H., Nogawa S., Satoh T., Kawamura M.,& Shimoda M. (2004). A case 

report of giant cell myocarditis & myositis observed during the clinical course of invasive 

thymonla associated with myasthenia gravis. Keio Journal ofMed, 53(1), 30-42. 

Thomas S., Critchley P., Lawden M., Farooq S., Thomas A., Proudlock F.A., et al. (2005). Stiff 

person syndrome with eye movement abnormality, myasthenia gravis, and thymoma. 

Journal ofNeurology, Neurosurgery, and Psychiarty, 76, 141-142. 

Thomson D., Soni A., Ward, M., & Jones H. (2006). Simultaneous presentation ofnlyasthenia 

gravis and mesothelioma. Journal ofthe Royal Society ofMedicine, 99, 259-260. 

Tola M., Casetta I., Granieri E., Caniatti L.M., Monetti V., & Pascarella R. (1996). Systemic 

lupus erythematosus related recurrent transverse Myelitis in a patietn with myasthenia 

gravis and multiple sclerosis. European Neurology, 36(5), 327-328. 

Tseng Y.,Chang J., Shu I., & Wu, M. (2005). Myasthenia gravis developed 30 months after 

resection of recurrent thymoma. European Journal ofCardio-thorascic Surgery, 28(1), 

264-269. 

Tsukaguchi M., Shimamura M., Ikeda K., Urai Y., Sasaki I., Deguchi K., (2005). Low-dose 

tacrolimus for two cases of myasthenia gravis with invasive thynl0ma that relapsed 

shortly after thymectomy. Journal ofthe Neurologic Sciences, 231(1-2), 85-88. 

Uncini A., di Guglielmo G., di Muzio A., Repaci M., Lugaresi A. Forno G., et al.(1997). Distal 

myasthenia gravis and sensory neuronopathy with anti-50 kDa antibody mimicking 

sensory-motor neuropathy. Journal ofNeurology, Neurosurgery & Psychiatry, 63(3), 

414-415. 



Pain and Discomfort in the Myasthenia Gravis Population 52 

Van de Warrenburg B., Hengstman G., Vos P., Boerman R., ter Laak H., & van Engelen B. 

(2002). Concomitant dermatomyositis and myasthenia gravis presenting with respiratory 

insufficiency. Muscle and Nerve, 25(2), 293-296. 

Van Parijs V., Van den Berge P., & Vincent A.(2002). Neuromyotonia and myasthenia gravis 

without thymoma. Journal ofNeurology Neurosurgery and Psychiatry, 73(3), 344-345. 

Vats H., Richardson S., Pulukurthy S., & Olshansky B. (2004). Pericarditis in myasthenia 

gravis. Cardiology in Review, 12(3), 134-137. 

Vemino S., Auger R., Emslie-Smith A., Harper C., & Lennon V. (1999). Myasthenia, thymoma, 

presynaptic antibodies, and a continuum of neuromuscular hyperexcitability. Neurology, 

Oct., 53(6). 

Vemino S., Cheshire W., & Lennon V. (2001). Myasthenia gravis with autoimnlune autonomic 

neuropathy. Autonomic Neuroscience, 88(3),187-192. 

Vemino S., Salomao D, Habermann T., & O'Neill, B. (2005). Primary CNS lymphoma 

complicating treatment ofmyasthenia gravis with mycophenolate mofetil. Neurology, 

65(4), 639-641. 

Wakata N., Kiyozuka T., Konno S., Nakazora H., Nomoto N., Sugimoto H., et al. (2006). 

Autoimmune thrombocytopenic purpura, autoimmune hemolytic anemia and gastric 

cancer appeared in a patient with myasthenia gravis. Internal Medicine, 45(7), 479-481. 

Wakayama Y., Ohbu S., & Machida H. (1991). Myasthenia gravis, muscle twitch, hyperhidrosis 

and limb pain associated with thymoma: proposal ofpossible new myasthenic syndrome. 

Tohoku Journal Experimental Medicine., Aug., 164(4), 285-291. 

Walker G., Watkins T., & Aversin C. (1999). Identification of autoantibodies associated with 

rippling muscles and myasthenia gravis that recognize skeletal muscle proteins: possible 



Pain and Discomfort in the Myasthenia Gravis Population 53 

relationship of antigens and stretch-activated ion channels. Biomechanical and 

Biophysical Research Communications, 264(2), 430-435. 

Wang, D., & Fu H. (1985). Three cases of recurrent generalized muscle spasms in China. 

Japanese Medicine, 24(3), 263-268. 

Weinreb H., Klein J.,& Kupersmith M. (1986). Ocular myasthenia gravis & chronic 

inflammatory polyradiclLloneuropathy. New York State Journal ofMedicine, 86(8), 439

442. 

Wylam M., Anderson P., Kuntz N.,& Rodriguez V. (2003). Successful treatment of refractory 

myasthenia gravis using rituximab: a pediatric case report. The Journal ofPediatrics, 

Nov., 143(5),674-677. 



Pain and Discomfort in the Myasthenia Gravis Population 54 

References Categorized by Type of Pain 

I 
authors year m f age pn PC M S thy GI GP Aut IMD MPA 

ds ds 
Giordano,A., & Hayman, J. 1944 x 28 

Giordano,A., & Hayman, 1. 1944 x 57 x x x x x 

Steidl R., Oswald A., & Kottke F 1962 x 12 x x x 

Burke 1.S.,Medline N.M., & Katz A. 1969 x 47 x x x x 

Bergman R., Johns R., & Afifi A. 1971 x 22 x 

Bergman R., Johns R., & Afifi A. 1971 x 20 x 

Bergman R., Johns R., & Afifi A. 1971 x 55 x 

Namba T., Brunner N., & Grob D. 1973 x 52 x x x x 

Narnba T., Brunner N., & Grob D. 1973 x 57 x x x x x 

Schwartz M., & Stalberg E. 1975 x 47 x 

De Reuck 1., Thiery E., De Coster W., & 1976 x 23 x x x x x 
VanDer Eecken H. 
Lava N., Rodickok L., & Martinez L. 1976 x 56 x 

McComasA. 1977 x x x x x 

Ketz E., Fopp M., Weissert M., & Bekier 1979 x 57 x x x x 
A. 
Johnansson E.A., Niemi K., Lassus A., & 1981 x x x x x 
Gripenberg M. 
Regev I., Bomstein N., Carasso R, & 1982 x 60 x x x 
Vardi Y. 
Regev I., Bomstein N., Carasso R, & 1982 x 29 x 
Vardi Y. 
Bogousslavsky J., Regli F., Doret A., 1983 x 54 x x x x x x 
Fulpius B., Ostinelli B., Rabinowicz T., et 
al. 
Satoh A., Tsujihata M., Yoshimura T., 1983 x 17 x x x x 
Mori M., & Nagataki S. ( 
Kawamura T., Kinoshita M., Ishida T., 1984 x 30 x x x x 
Nakazato H., & Saito E. 
Berger 1., Ayyar D.R., Kimura I., & 1985 x 61 x 
Kovacs A. 
Wang, D., & Fu H. 1985 x 15 x x x 

Miller H., Shenstone B., Joffe R., & 1986 x 56 x x x x x x 
Kannangara S. 
Pascuzzi, R., Sermas,A., Phillips, L. 200

, 1986 x 31 x 
Johns, T.( 
Pascuzzi, R., Sermas,A., Phillips, L. 200, 1986 x 47 x 
Johns, T.( 
Tabbaa M., Leshner R., & Campbell W. 1986 x 42 x x x x x x 

Pascuzzi R., Roos K., & Phillips L.H. 2nd 1986 X 76 x x x 

de Jongste M., Oosterhuis H., & Lie K.. 1986 x 48 x x x x 

Weinreb H., Klein 1.,& Kupersmith M 1986 x 72 x 

Lloyd, 1., & Mitchell, R. 1988 x 20 x x 

Kimura S., Nezu A. 1989 x 13 

Piccolo, G., & Cosi V. 1989 x 54 x x x 

Senda Y., Sugimura K., Koike Y., 1989 x 22 x x� 
Matsuoka Y., & Takahashi A.� 
Shimada K., Koh C., Tsukada N., Shoji S., 1989 x 37 x x x x x� 
& Yanagisawa N.� 
Kornbluth, A.,Salomon, P., Sachar, D. et 1990 x 63 x x� 
al.� 



Pain and Discomfort in the Myasthenia Gravis Population 55 

Carlander B., Touchon J., Georgesco M., 
& Cadilhac J. 

1991 x 68 x x x x x 

Garcia-Merino A., Cabello A., Mora J., & 
Liano H. 

1991 x 68 x x x x 

Martin R., & Shah A. 1991 x 63 x x 

Wakayama Y., Ohbu S., & Machida H. 1991 x 54 x x x x 

Wakayama Y., Ohbu S., & Machida H. 1991 x 54 

Inatus A., Ohi T., Shioya K., & Matsukura 
S. 

1992 x 31 x 

Gower-Rousseau C., Reumaux D., Bellard 
M., Delecourt L., Ribet M., & ColoITtbel J. 
Finnie I., Shields R., Sutton R., Donnelly 
R., & Morris A. 
Hausmanowa-Petrusewicz I., Blaszczyk 
M., & Jablonska S. ( 
Ijichi T., Adachi Y., Nishio A., Kanaitsuka 
T., Ohtomo T., & Nakamura M. 
Anderson N.E., Hutchinson D.O., 
Nicholson GJ., Aitcheson F., & Nixon 
J.M. 

1993 

1994 

1993 

1995 

1996 x 

x 

x 

x 

x 

27 

21 

58 

49 

48 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x x 

x x 

Anderson N.E., Hutchinson D.O., 
Nicholson GJ., Aitcheson F., & Nixon 
J.M. 

1996 x 70 x x x x x 

Berger A., Swerdlow M., & Herskovitz S. 1996 x 76 x 

Martinelli P., Patuelli A., Minardi C., Cau 
A., Riviera A., & Dal Pozzo F. 
Patwa H., Fecko J., & Goldstein J. 

1996 

1996 

x 

x 

53 

52 

x x x x 

Tola M., Casetta I., Granieri E., Caniatti 
L.M., Monetti V., & Pascarella R. 

1996 x 27 x x x x 

authors year m f age pn PC M 
ds 

S 
ds 

thy GI GP Aut IMD MPA 

Chen C., Chang H., Lyu R., Tang L., & 
Chen S. 

1997 x 60 x 

Nicholas A., Chatterjee A., Arnold M., 
Claussen G., Zorn G., & Oh S. 
Plwenia K., Dotti M.T., Malandrini A., 
Manneschi L., Battisti C., De Stefano N., 
et aI.. 

1997 

1997 

x 

x 

55 

77 

x x x x 

Uncini A., di Guglielmo G., di Muzio A., 
Repaci M., Lugaresi A. Forno G., et aI. 
Borodic G. 

1997 

1998 

x 

x 

69 

80 x x 

x 

x 

Kimura K., Nezu A., Kimura S., Otsuki 
N., Kobayashi T., Nomura Y., et al. 
Heidnreich F., & Vincent A. 

1998 

1998 x 

x 14 

46 

x 

x x x 

x 

x x 

Lee E., Maselli R., Ellis W., & Agius M. 1998 x 46 x x x x x x x x x 

Court case. An arresting situation. 1999 x x x 

Muller-Felber W., Ansevin C.F., Ricker 
K., Muller-Jenssen A., Topfer M., Goebel 
H.H., etal. 
Muller-Felber W., Ansevin C.F., Ricker 
K., Muller-Jenssen A., Topfer M., Goebel 
H.H., et aI. 
Vemino S., Auger R., Emslie-Smith A., 
Harper C., & Lennon V. 
Vernino S., Auger R., Emslie-Smith A., 
Harper C., & Lennon V. 
Vernino S., Auger R., Emslie-Smith A., 
Harper C., & Lennon V. 
Anvesin C., & Agamanolis, D. 

1999 

1999 

1999 

1999 

1999 

1996 

x 

x 

x 

x 

x 

x 

30 

55 

44 

20 

46 

46 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

Setijoso,E., Robberecht,W., Van Eyken, 
P., Roskams, T., et al ( 
Shankar V., & Sayeed Z. 

1999 

1999 

x 

x 

59 

16 

x x x 



Pain and Discomfort in the Myasthenia Gravis Population 56 

Tam D., & Chalmers A. 

Walker G., Watkins T., & Aversin C. 

Walker G., Watkins T., & Aversin C. 

Walker G., Watkins T., & Aversin C. 

Raschilas F., Mouthon L., Andre M., 
Azorin 1., Couvelard A., & Guilleven L. 
Alcantara 1., Steiner D.M., Plaugher G., 
Alcantara 1. 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., etal 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsonl-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis 1., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Myland A., Vincent A., Newsom-Davis J., 
Kaminski H., Zorzato F., Agius M., Gilhus 
N.E., et al 
Hayat G., Kulhantrakom K., Campbell W., 

1999 

1999 

1999 

1999 

1999 

1999 

2000 

x 

x 

x 

x 

x 

x 

x 

10 

66 

63 

60 

x 

x 

2000 x 50 

2000 x 63 

2000 x 34 

2000 x 62 

2000 x 60 

2000 x 61 

2000 x 53 

2000 x 56 

2000 x 55 

2000 x 20 

2000 x 62 

2000 x 38 

2000 x 29 

2000 x 

2000 x 70 

2000 x 54 

2000 x 52 

2000 x 55 

2000 x 42 x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x x x x 



Pain aIld Discomfort in the Myasthenia Gravis Population 57 

& Giuliani M. 

Anvesin, C .2000 ;Anvesin C., & 
Agamanolis, D. (1996) 
Seishima M., Kanoh H., Izumi T., Niwa 
M., Matsuzaki Y., Takasu A., et al. 
Suzuki M., Yoshii T., Ohtsuka T., Sasaki 
0., Hara Y., Okura T., et aI. 
Vemino S., Cheshire W., & Lennon V. 

2000 

2000 

2000 

2001 

x 

x 

x 

x 

56 

59 

71 

29 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x x 

x 

Vemino S., Cheshire W., & Lennon V. 2001 x 61 x 

Vemino S., Cheshire W., & Lennon V. 2001 x 73 x x x x x 

Vemino S., Cheshire W., & Lennon V. 2001 x 12 x x x x x x 

Vemino S., Cheshire W., & Lennon V. 2001 x 38 x x x x x 

authors 

Vemino S., Cheshire W., & Lennon V. 

year 

2001 

m 

x 

f age 

64 

pn PC 

x 

M 
ds 

S 
ds 

thy 

x 

GI 

x 

GP 

x 

Aut 

x 

IMD MPA 

Vemino S., Cheshire W., & Lennon V. 2001 x 41 x x x x x 

Saravanan P., Paul 1., & Sayeed Z. 2002 x 43 x x x 

Van de Warrenburg B., Hengstman G., 
Vos P., Boerman R., ter Laak: H., & van 
Engelen B. 
Van Parijs V., Van den Berge P., & 
Vincent A. 

2002 

2002 x 

x 28 

58 x 

x 

x 

x 

x x 

x x 

Koc F., Yerdelen D.,& Sarcia Y. 2003 x 26 x x 

Foroozan R., & Sambursky R. 2003 x 21 x x 

Greenberge, S. 2004 x 38 x x x x x 

Rakocevic, G., Barohn R., McVey A., 
Damjanov I., Morte P., Vemino S., et aI. 
Scheschonka A., & Beuche W. 

2003 

2003 

x 

x x 

28 

64 x 

x 

x 

x x x x 

Dias-Tosta, Kuckelhaus, Amaral 1999 x 15 x x x x 

Wylam M., Anderson P., Kuntz N.,& 
Rodriguez V. 
Boz C., Kalay E., Sabin N., Velioglu S., 
Osmenoglu, M., & Karaguzel A. 
Puruckherr, M., Pooyan P., Dube D., Byrd 
R.,&RoyT. 
Scaioli V.,Andretta F.,& Mantegazza R. 

2003 

2004 

2004 

2004 

x 

x 

x 

x 9 

34 

78 

72 

x 

x 

x 

x 

x 

x 

x 

Shimojima Y., Gono T., Yamamoto K., 
Hoshi K., Matsuda M., Yoshida K., et aI 
Rostedt A.,& Stalberg E. 

2004 

2004 

x 

x 

37 

46 x 

x x 

x 

x x x 

Rodolico C., Messina S., Toscano A., Vita 
G., &Gaeta M. 
Tanahashi N. ,Sato H., Nogawa S., Satoh 
T., Kawamura M.,& Shimoda M. 
Vats H., Richardson S., Pulukurthy S., & 
Olshansky B. 
Ho T., Ko K., & Chan K. 

2004 

2004 

2004 

1995 

x 

x 

x 

x 

65 

62 

52 

25 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Bankar R., & Kohnke A. 2005 x 81 

Bhinder S., Majithia V., & Harisdangkul 
V. 

2005 x 41 x 

Bhinder S., Majithia V., & Harisdangkul 
V. 

2005 x 29 x 

Boras V., Brailo V., Sostarko M., & 
CuceviaB. 

2005 x 30 x x 

Brozzi F., Bianchi F., Pinchera A., & 
Ceccarelli C. 

2005 x 45 

Comerci G., Buffon A., Biondi-Zoccai 
G.G., Ramazzotti V., Romagnoli E., 
Savino M., et aI. 

2005 x 75 x x x 



Pain and Discomfort in the Myasthenia Gravis Population 58 

Farah R., Farah R., & Simri W.� 

Fasano A., Bentivoglio A., Ialongo T.,� 
Soleti F., & Evoli A.� 
Finelli P.F.� 

Ishii W., Matsuda M., Okamoto N.,� 
Shimojima Y., Yazaki M., Motomura M.,� 
et al.� 
Iwase T., & Iwase C.� 

Kaya C., & Karaman M.� 

133 1� 

Manckoundia P., Martin-Pfitzenmeyer I.,� 
& Pfitzenmeyer P.� 
Maslovsky I., Gefel D., Uriev L., Ben Dor� 
D., & Lugassy G.� 
Oh S., & Sher E.� 

Saka E., Topcuoglu M., Akkaya B., Galati� 
A., Onal M., & Vincent A.� 
Scwartz D., Waclawik A., Ringwala S.,� 
Robbins J� 
Shichijo K., Mitsui T., Kunishige M.,� 
Kuroda Y, Masuda K., & Matsumoto T.� 
Takagi K., Yoshida A., Iwaski H., Inoue� 
H., & Ueda T.� 
Thomas S., Critchley P., Lawden M.,� 
Farooq S., Thomas A., Proudlock F.A., et� 
al. (� 
Tseng Y.,Chang 1., Shu I., & Wu, M.� 

Tsukaguchi M., Shimamura M., Ikeda K.,� 
Urai Y., Sasaki I., Deguchi K.,� 
Tsukaguchi M., Shimamura M., Ikeda K.,� 
Urai Y., Sasaki I., Deguchi K.,� 
Vemino S., Salomao D, Habermann T., &� 
O'Neill, B.� 
Avni I., Sharabi Y., Sadeh M., & Buchman� 
A.� 
Burch 1., Warren-Gash C., Ingham V.,� 
Patel M., Bennett D., & Chaudhyri K.� 
Fukushima K., Sato T., Mitsuhashi S.,� 
Kanecko K., Yazaki M., Matsuda M., et� 
al.(� 
Hain B., Jordan K., Deschauer M., & Zierz� 
S.� 
Iwadate H., Kobayashi H., Shio K.,� 
Noguchi E., Watanabe K., Sasajima T., et� 
al.� 
authors� 

Joudinaud T., Fadel E., Thomas-de-�
Montpreville V., Mussot S., Flecher E.M.,� 
& Dartevelle P.� 
Kister I.,Gulati S., Boz C., Bergamaschi� 
R., Piccolo G., O~er 1., et al.� 
Kister I.,Gulati S., Boz C., Bergamaschi� 
R., Piccolo G., Oger J., et al.� 
Kister I.,Gulati S., Boz C., Bergamaschi� 
R., Piccolo G., Oger J., et al.� 
Kister I.,Gulati S., Boz C., Bergamaschi� 
R., Piccolo G., Oger J., et al.� 
Lin P., Martin B., Weinacker A., & So Y� 

Mori M., Kuwabara S., Nemoto Y.,� 
Tamura N., & Hattori T.� 
Resatoglu A., Tok M., Yemisci M., Yener� 
N., & Yener A.� 

2005 x 71 x x x� 

2005 x 23 x x� 

2005 x 54 x� 

2005 24�~ 

2006 x 78 x x� 

2005 x 51� 

2005 x 87� 

2005 x 41 x� 

2005 x 26� 

2005 x 30 x� 

2005 x 68 x� 

2005 x 57 x x x� 

2005 x 33� 

2005 x 45 x x x x� 

2005 x 43 x� 

2005 x 62 x� 

2005 x 28 x� 

2005 x 83 x� 

2006 x 66 x x x x x x x� 

2006 x 76 x x� 

2006 x 33 x x x x� 

2006 x 56 x� 

2006 x 33 x x� 

year m f age pn PC M S thy GI GP Aut IMD MPA� 
ds ds� 

2006 x 43 x x� 

2006 x 38� 

2006 x 36 x x x� 

2006 x 17 x� 

2006 x 27 x x� 

2006 x 48 x� 

2006 x 53 x� 

2006 x 64� 



Pain and Discomfort in the Myasthenia Gravis Population 59 

Rotkiewiez A., Majos A., Wozniakowski� 
B., & Stefanezyk L.� 
Sanders D.� 

Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Schoser B.., Hilton-Jones D., Muller-�
Felber W., Kubisch C., Vincent A., & Van� 
den Bergh P.� 
Takahashi H., Kawaguchi N., Nemoto Y.,� 
& Hattori T.� 
Takahashi H., Kawaguchi N., Nemoto Y.,� 
& Hattori T.� 
Thomson D., Soni A., Ward, M., & Jones� 
H.� 
Wakata N., Kiyozuka T., Konno S.,� 
Nakazora H., Nomoto N., Sugimoto H., et� 
aI.� 
Barbosa R., Cordova s., & Cajigas 1.� 

2006 

2006 

2006 

x 

x 

45 

26 

x x x 

x 

x x 

2006 x x 

2006 x x 

2006 x x x 

2006 x x x 

2006 x x x 

2006 x x x 

2006 

2006 

2006 

2006 

x 

x 

x 

x 

40 

55 

71 

51 x x 

2000 x 36 x x 


