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INTRODUCTION AND HISTORY
The purpose ef this study is te present some ef the eut-
standing features ef the elinieal eatity ealled myasthenia gravis.
A review of the literature is pres ea ted with diseussion ecneorning
histery, elinieal featwres, diagnostie preeedures, and eurreat
medieal and surgieal treatment. Special emphasis is placed wpon
a review of the pathegenesis of this disease with respect te tho

surrent auteimmune hypothesis.

Histerieally, Dr. Johm Maplet first described this disease
in 1658. A eentemperary of his, Dr. Willis, of Christ Chureh,
0xford, described the symptoms of myasthenia more completely in
1672. Two centuries passed before Sir Samuel Wilks, physician
to Guy's Hospital, again gave a suggestive deseription ef amether
myasthenic patient in 1877. Two years later a German physician,
Erb, was credited with establishing features ef the disease,
namely, ptesis with diplopia, dysphagia, weakness of the neek,

and the course of remissions and relapses. In 1893 Goldflam

published an impertant paper on the disease and the name "Erb-
Goldflam sympton" was designated in his honoer. Im 1899 Jelly

suggested the name "myasthenia gravis", whieh was adopted at a
meeting of the Berlin Society ef Psyehiatry and Neurolegy. Im
1897 J. Collins, an American, described the condition in a pat-
ient whose first symptoms appeared dering pregnancy. Mailheuse,
another American, deseribed the first child with myasthenia in



1898. Im 1901 the first deseriptiom of finding a thymic tumer
in association with the disease was published. Im 1904 T. R.
Elliott offered the suggestion that there might pessibly be a
chemiecal substance liberated at nerve endings te initiate mus-
cle response. Twenty-eight years later aeetylcheline was identi-
fied by Loewi, of the Umiversity of Graz, and in 1936 Sir Henry
Dale reperted acetylcholine liberation at motor nerve endings,
and that its actiom was limited by the ferment, echelinesterase.
The first breakthrough im treatment eame in 1929 when Dr.
Harriet Edgeworth of Tucsom, Arizena, herself a myasthemic,
iselated ephedrine as a beneficial agent. The most signifieant
treatment advance came in 193} when Dr. Mary Walker performed "The
Miracle at St. Alfege's" when she injected prostigmine imte a
myasthenic patient., Dr. Henry Viets of Boston started the first
Myasthenia Gravis Clinie in 1935 at the Massachusetts General
Hospital, and here the disease kas been intensively astudied

since that time.l



PATHOGENESIS

Nermal, restimg muwscle fibers have a potential difference
ef appreximately 90 mv. between the twe sides ef the surface
membrane, the inner surfaee being negative with respect te the
outer. This is the state of "polarizatiem.® Acetylcholine,
the mediator of meuromusewlar transmission, is released when a
nerve impulse reaches the motor nerve endings. This eompowmd
becomes absorbed to recepter substanees of the musele end-plate,
fellewing which the permeability of the end-plate regiem fer
sodium and petassium ions increases temporarily, resulting im
movement of sodium ioms into the muscle and a less marked exit
of potagsium. 2, 3 The latter causes a slight reversal of the
potential difference across the muscle membrane im the end-
plate region or "depolarizatien." This depolarizatiem is prep-
agated along the muscle membrane as a wave of increased megativity
called the muscle action potential. This im turm initiates cont-
raetien of the muscle fiber. Acetylcholine is then hydrolyzed
into acetate and choline by cholinesterase ensyme concentrated
in the muscle at the end-plate region. The potential difference
across the membrane is then restored.

Interruption of neuromuscular transmissien may occur in any
step of the above sequence ef events. Usually, neuromuscular
block is the result of either deficiemnt or excessive action ef

acetylcheline en the motor end-plates or as a result of druge
3



or disease simulating these effects. b 5

In myasthenia gravis there is no kmown abnormality of
central or peripheral rneural function, and the evidence fer
a defect in muscle contractility is not conclusive. Therefore,
the manifestations of this disease are believed to be due
primarily to impairment of neuromuscular transmissien. The
defect is believed due to some alteration iam the acetylcheline
mechanism. This could result frem (1) an excessive concentra-
tion of cholinesterase at the neuromuscular junctien, (2)
failure of each nerve impulse to release a mormal quantum ef
acetyleholine, or (3) elevation ef the excitatory threshold
of the metor end-plate to acetylcholine released by each nerve
impulse. There is no evidence for excessive cholinesterase
activity in the muscle of myasthenic patients at this time. 6

The third possibility is incriminated in most recent
literature and indicate that the defect in myasthenia gravis
is due to a competitive (acetyleholine-inhibitory) bloeck, pre-
duced by aeetylcholine released in a mormel manner during newro-
muscular transaission, or by choline or a elosely related compound
follewing Mydrolysis ef the maturally released acetylchelime. i 7
In the majority ef myasthenic patients the late block produced by
the injection eof imtra-arterial acetylehelime er choline inhibits
the depolarizing effect of acetylchoeline and is reversed by the

latter er by anticholinesterase compounds; i.e., it is beth



acetylcholine-inhibitory and aeetylcholime-reversible. How-
ever, in some myasthenie patients this late block imhibits

the depolarising effect ef acetyleholime but is not reversed
by this agent er by antieholinesterase compownds; i.e., it is
asetylcholine-inhibitery but net acetyleholine-reversible. The
latter is often referred to as acetyleholine-ingensitive. 8
Such patients respond poorly or mot at all te anticholimesterase
medieation and are elinieally insensitive to the latter and te
acetylcheline., Patients whe do not show manifest signs ef the
acetyleheline-ingensitive block may de so during am exacerba-
tion ef their dissase. The phenomenen of acetylcholine-insens-
itive bleck may also be the explanation fer the climieal
ebservation that increasing doses of anticholinesterase medi-
cation seldom results in maximal muscle strength. It is the
insensitive state that eften makes mamagement of the myastheniec
patient so difficult and leads te confusion as to whether the
patient is overdosed ("cholimergie crises™) er underdesed (im
xyasthenic weakness).

Otker possible causes of neuremuscular bloek im myasthenia
gravis are reported. in the literature. Sone‘evidenco has been
presented that nerve endings may have an impairment ef aeetyl-
eholine release. 7 Other reports suggest that anatomic abnor-
malities in both distal nerve endings and motor end-plates of

myasthenic muscle may be impaired im this disease. 10, 11
5



Reports ef demonstration ¢f a substance im the bloed
of myasthenic patients eapable of preducing neuromuseular
bloeck in experimental animals 12, 13 and ef a substance
in serum eapable of imhibiting the synthesis eof acetyl-
e¢holine 1 have net been econfirmed. 15, 16 Exchange trans-
fusions between myasthenic and nomxyasthenie subjects have
no effect on the strength of either., 17

A recent development in the possible pathogenesis of
nyasthenia gravis is the suggestien that this disease may
be due te an "aute-immune" response in whieh an antibedy to
end-plate reeeptor protein is produced by the reticuloendo-
thelial system, including the thymus. 18 The antibody is
then thought te eombine with the emd-plate protein and pre-
duce an alteration im the response of the end-plate to endeg-
enous acetyleholine. Some support fer this theery has been
lent by the observation that the serum of myasthenic patients
eontains, in the glebulin fraction, a substance which eombines
with normal or myasthenic muscle in the presence of comple-
ment., 19

More recently investigatiens have shown lesions in the
thymus of patients with myasthenia gravis that are similar to
those preduced experimentally by direct injection ef antigen
into the gland. This evidence indicates that some defect er
injury to the thymus may cause the production eof antibedies

6



which react with a protein found at the newromuscular Jjunctien
to produce the symptoms of myasthenia. White and Marshall (1962)
demomstrated antinueclear faetor, with the fluoresecent-antibody
technique, in six of sixteen patients with myasthenia gravis
lending further support te the autoimmune theory. 20 Foltkamp,
van der Geld, and Loghem (1963) demonstrated antibodies against
skeletal muscle, thymus, and thyroid tissue in the sera of
myasthenic patients, They alse found the rheumatoid factor and
the antinuclear factor, and felt their findings confirma-
tive of the autoimmune hypothesis preposed for the disease.
Their patieats whose myasthenia was assoeiated with a thymoma
had a higher incidence of amti-muscle antibodies, amd their
clinical condition was alse more severe. The patients with
ocular myasthenia only bad a lower incidence of anti-muscle
antibodies, 21 Another possibility is that substances re-
leased as a result of antigen-antibody reaction competitively
block acetylcholine, or imterfere with its syathesis. How-
ever, the antibedies de not seem to be responsible for the
newromuscular block since antibedies were alse demonstrated
during remissions ef the disease, and no cireunlating anti-
bodies could be shown in the sera of some patients with severe
nyasthenia, including a patient with neonatal myasthenia.

That abnormalities of the thymus are not in themselves
the primary cause of myasthenia gravis is suggested by in-

7



stances in which neonatal myasthenia has developed after
maternal thymectomy prior to pregnancy, and by the enset

of the disease after tetal thymectemy.



CLINICAL FEATURES

Charaeteristiec Findings

Myasthenia gravis is a ehrenie disease characterized
by reeurrent weakness and abnermal fatigability ef skeletal
muscle but without ebvious atrophy or other gress amatomi-
cal defect. The muscles most eommemly affected are those
imnervated by eranial nerves, and usually those ef the neck,
trunk and extremities. Im more severe cases, weakness and par-
alysis ef the muscles of respiration eccurs. Smooth and
cardise muscles are not imvolved. 22 Usually the disease
becomes generaliszsed, but im approximately one-fifth of the
patients it remains limited te the extraoeular muscles. The
initial manifestations are most commonly referrable to this
group of muscles. The initial symptom is ptosis in apprex-
imately 25% of patients, diplopia im 24%, blurring ef vision
in 3%, weakness of legs im 13%, generaliszed fatique im 6%,
difficulty swallowing im 6%, slurred speeeh in 5%, chewing
diffieulties in 4%, weakness of arms, hands, neck, or face
im each ef 3%, and weakness of trunk or shortmess ef breath
in 1%, 23 Aecerding to Greb, the cemmonest sequence is:
muscles of the eyes, face, swallowing, speech, jaw, tongue,
neck, shoulders, arms, hands, hips, upper legs, lower legs,
trunk, and respiration. If the disease has been confimed

te ecular symptoms for more than twe years without ether
9



manifestations the orbicularis oculi muscles usuwally cont-
inue to have the lecalized form of the disease. L
Incidence

The incidence of generalised myasthenia gravis is slight-
1y higher in females, while localized eeular myasthenia is
slightly more cowmon in males. Onset of the disease may occur
at any age, but tends to be at an earlier age in females than
in males, the average age of onset being 28 years in the for-
mer and 42 in the latter. 2l In children and adolescents, the
disease is much more common in female patieamts. The incidenece
of onset of generalized myasthenia reaches a peak in women in
the third deeade, while it is fairly wniferm im men from the
third through the seventh decade. After 60, the enset is musch
more common in men.

Course of the Disease

The course of the disease is highly variable., Most pat-
ients show a graduwal extension of the involved areas leading
te a fairly steady state of weakness, which remains unchanged
for many years, with moderate fluctuations in severity. The
basic level of weakness is wsually reached with the first three
years after onset, most often within the first year. In pat-
ients with severe xyasthenia, the average interval between enset
of the disease and the first severe episode is eight months.
In Grob's series of 350 patients with generalised myasthenia

10



gravis who had been followed for an average peried ef ten
years, 30% died of the disease 3 months te 25 years after
onset, and of these patients, 85% died withim 3 years. 2k, 25
Of the entire group, 13% were im complete or mearly complete
remission at the end of tem years, 26% had had some improve-
ment since their first severe episode of weakness, 21% were
wmehanged and 10% had become worse. 22

Symptoms of the disease tend to fluetuwate im severity
from day te day in almost all patients and approximately one-
fourth have a remission lasting at least 6 months, with
eomplete or nearly eomplete disappearance ef signs and sympt-
ons, The average interval between onset of disease and remiss-
ion was L years and the duration of the remissioms varied wp te
18 years, with an average of 4.6 years in (Grob's series. 2l

In Ferguson's series of 133 patients, observed over a 28
year period, 30 who were treated medieally were known te have
died. Fifteen ef these died ef myasthenia gravis; of the others
8 died of earcinoma, the sites being gastrointestimsl tract 5,
breast 1, bladder 1, and bronehus 1. Im the remaining 7 the
causes of death were eoronary occlusion 3, lwmg abscess 1, left
ventrieular failure 1, aeute pancreatitis 1, and eause wmdeter-
mined 1. Of 12 patients who had undergone thymeetomy, 7 had
died and im each case from myasthenia, 26

Mortality Rate




The overall mortality rate is approximately 15% with the
present metheds of treatment. 27

Pregrancy and Kyasthenia Gravis

The effect of pregnancy on the course of the disease is
quite variable and debatable. According te Grob there is no
effect in most instances and im approximately one-~third ef the
patients there is ar exacerbatiem of the disease, usually dur=-
ing the 6 weeks following delivery, or less often during the
pregnancy. 23 In some patients with myasthenia gravis there
is mild improvement during the latter half of pregnancy.
Ferguson sites Viets et. al. (1942) whe concluded that preg-
nancy usually had a favorable effect on the motherts disease,
but that relapses mainly escurred during the first trimester.
Fraser and Turner (1953), alse sited by Fergusen, concluded
in their series of 1L pregnancies, that myasthenie patients
eould go through pregnancy without special difficulty, al-
though some danger of a relapse was present im the first
trimester and increased doses of neostigmime necessary eccas-
sionally. They concluded that there was mo special medical
indication for termination and added that im their epimion
the greatest danger of relapse was ia the first three weeks
of the postpartum period, and about half their patients
experienced a relapse. 26 Ferguson (1962) drew similar con-
elusions in a series of 22 patiemts and 3l pregnancies; 1l

12



deterierated during pregnaney and 12 impreved. Fifteem ehanged
in the first three months and 9 in the second three months, and
he concludes by statings "(1) Some myasthenics can go through
pregnancy without any adverse ehange. labeur does not seem to
present a problem. (2) If a echange is going to take place it
is most frequent in the first three menths and, te a lesser
extent, in the second three months., This ehange is sometimes
for the better and sometimes fer the worse, and (3) After only
7 of the pregmancies was there postpartum relapse in the first
month, however, very eareful supervisien should be exercised
in the postpartwm period.”® 26

Heward and Mulder (196}4) basieally agreed with these figures
and state further that if repeated pregnaneies oecur, each preg-
nancy may have a different effect on the myasthenia gravis. 28

Neonatal Myasthenia Gravis

Children born of myasthenie mothers are usvally normal and
never develope the progressive form of the disease according te
Grobe. His review of the literature (1961) turned wp 27 report—
ed instances of neonatal myasthenia gravis lasting from several
hours to seven weeks after delivery, and usually requiring anti-
cholinesterase drugs during this period. Recovery was complete
in all but one infant who died. 23 Stern, Hall, and Robinson
(1964) reperted the finding of 3k cases im the literature plus
two of their own experience. Im both cases the infants presented

13



with symptoms like the adult form of the disease, however,
respiratory embarrassment was clinieally more common. The
onset of symptoms varied, in their review, from birth te
within two or three days, and the illness lasted from be-
tween 10 and 90 days with an average ef about three weeks.
No further myasthenic symptoms have been reported im children
who have recovered from the neonatal illness. They eontend
that the incidence of neonatal myasthenia is difficult te
prediet in that many cases probably aren't diagnesed and
that enly the severely affected infants tend to be reported.
Viets and Brown (1951) found three children of 36 with the
disease who were bora of myasthenie mothers. Fraser and
Turner (1953) fowmnd one of twenty-two. 29

There appears to be no correlation between the elinieal
features of the disease in women whose infants were normal
and those whose infants were affected. There is also mo
correlation between maternsl dose of anticholinesterases and
the severity of the neonatal disease.

Myasthenie mothers have had normal births before having
affected children, and, althowgh there are several records
of two consecutive myasthenie infants, there is no mention
of a mormal baby born after a myasthenie one.

Diseages Associated with Myasthenia Gravis

Generally, figures reported in the literature suggest
p 1Y



that about three per cent of myasthenie patients have assoc-
iated hyperthyroidism and two per cent have exophthalmos im

the absence of thyroid disease. Grobe, Drachman and Bartels
report similar figures im that they all three repert myasthen-
ic symptoms ececurring in only a fraction ef 1% ef the thyrotexie
population. The two diseases often de not begim simultaneously;
either one may preceed the other by many months or years and
the authors reviewed also concurred in the faet that either

the hyperthyroid state or hypothyroid state may cause an aggra-
vation of myasthenic symptoms. 23, 30, 31 In the Mayo Clinic
series hyperthyroidism was noted first im Sh¥ of cases; myas-
thenia gravis oceurred earlier im 37%. Only 9% had a simultan-
eous enset. 30 Ninety cases of the two diseases have been
reported sinee the tura of the centmry according to Weick-
bhardt. 32 Hewever, it is doubtful that all such eases have
been reported since muscular wealness and impairmeat of extra-
ocular movement are common te both diseases. The response te
neostigmine would be normal in isolated hyperthyreoidism.

Engel further demonstrated that TSH given te an atkyreotie
had ne effect on his coexistent myasthemia gravis thus conelud-
ing that TSH had no extrathyroidal effect on the disease. 33

Greenberg reported on two sisters with myasthenia gravis
and hyperthyreoidism and reviewed the literature. 3k However,
it would appear that there is insufficient evidence at present

15



to incriminate a genetie basis fer either/or beth diseases.
Pathelegic Changes im Myasthenia Gravis

Pathologie changes are virtually limited to hyperplasia
or tumor of the thymvs gland, and scattered collections of

lymphocytes (lymphorrhages) in some muscles. 3

A tumor of
the thymus (thymoma) is present in abeut 15% of patients with
myasthenia gravis. 23, 36 When associated with thymoma the
ongset of myasthenia is later in life, there is a male sex
preponderanee 3T and in general the disease is more severe
and progressive, 23 altheugh there is mueh individwal varia-
bility. In some instances detection of the thymoma precedes
the onset of myasthenia by many years, and im at lesst three
instances myasthenia appeared several years fellewing apparent
total thymectomy. 23, 38, 39 In approximately half ef all
patients the thymus is hyperplastie; in L4% it is normal
mieroscepically, and in 7%:it is not identifiable, a normal
finding in adults. 23 In abeut three-fourths of myasthenie
patients the thymus contains numerous germinal centers, which
are absent ko or rare bl in nermal individuals. Thymie
hyperplasia is more common in female patients and thymoma im
males. The mertality rate of patients with the disease and

a thymoma has beem approximately 70%, sompared te LOE fer
patients whose anterior mediastinum has been examined without
revealing a tumor and 30% fer all myastheniec patients according

16



te Grob (1961). 23 However, there appears to be no consistent
correlation between the observed changes in the thymus and the
elinieal course of the disease. Patients with ne detectable
thywas may have severe weakness, and oecasionally patients with
a thymema may have a mild form ef the disease. Thymomas are
almost always visible reentgenographieally in the lateral view,
whereas thymus glands that repertedly are enlarged witheut
tumers are rarely seen. Grob reports that despite the large
siszse ef many tumors, only about one-fourth invade adjacent
structures te produce notable signs and symptoms. 22 Mitotie
figures are oecasiomally seen, and local implants have been
reported 2 however, distant metastases are extremely rare in
myasthenie patients. 23, ko Three-fourths of nonmetastasising
thymomas observed have occurred in myasthenic patients, while
the incidence of this tumor in nonmyasthenic subjects has been
approximately 1 per 100,000 hospital admissions, compared to
15% in myasthenic patients, and some of the former have develop-
ed myasthenia gravis years after the tumor was noted er even
fellowing incomplete 43, uh or complete removal of the tumer.
Malignant thymie twmors with distant lymphatic or blood-borne
metastases oocwr almost exclusively in nonmyasthenic subjects
with appreximately the same frequency as thymomas. These
tumors, which have been classified as earcinomas 45 or semin-
omas, L6 are more likely te produce pain and evidence of

17



tracheal and superior vena caval compression. Most authors
feel that a mediastinal tumor eecurring in a myasthenie
patient is almost certain to be a thymoma, and an extramedia-
stinal intrathoracie tumor in such a patient is most likely
to be an ectopic thymoma, or, less often, a small-cell broncho-
genic carcinoma which my eccasionally be associated with a
*myasthenie” syndrome, W or some ether unrelated tumor.
Although myasthenia gravis is the syndrome most frequsnt-
ly associated with thymic tumor, reports of other associated
conditions are in the literature. Fifteen instances have been
reported of the simultaneous occurrence of benign thymoma and
refractory anemia, accompanied in some by thrombocytopenia eor
leukopenia. 23» U8 U9 pour of the latter patients had myas—
thenia gravis. At least two reports have appeared of agamma-
globulinemia associated with thymoma, 50 and in one instance
with aplastlie anemia as well. 51 Approximately eleven cases
have been reported of Cushing's symdrome associated with
adenocarcinoma of the tbynus.sl Other disease entities assoc-
iated with thymic twmors or myasthenia gravis are Grave's
disease, 32 bronchogenic carcinoma, k7 polymyositis and

dermatomyositis 52

and lupus erythematosus. 53 However,

the evidence that has accumulated linking the latter diseases
and thymus abnormalities is inconclusive at present and the
possibility eof coincidence are not excluded.

18



The Diagmnosis ef Myasthemia Gravis

The diagnesis ef this disease cam gemerally be made om
the basis of the history, distributioi, and uwswal fluctwating
nature of the weakness that uswally oecurs on repeated effort
of involved muscles, Confirmation of the diagnosis is made
by noting the improvement in strength which c¢haracteristiecally
follows the administration eof an amtieholinesterase compound,
such as neostigmine (Prostigmin) or edrephoniwm (Temsilen)
when the patient is in a "basal" state at least six hours
after the last medieatiom. Unequivocal inerease in strength
of more than slight degree fellowing meostigmine or edrephon-
ium dees not occur in patients who are mot considered to have
myasthenia gravis, with the exception of a few patients with
polymyesitis disseminated lupus erythematosus or earcinomatous
neuropathy or myopathy. 5k However, the latter eonditions
seldom pose as diagmostie diffieculties., The most widely used
test substance used in making the diagnesis is neostigmine.
The latter is given intramuscularly, in a dose of 1 mg. per
100 pounds of bedy weight. Atropine sulfate (0.5 mg. per 100
pounds) should be injected intramuseularly before or with the
neostigmine to prevent the muscarinic effect of the latter
drug on smooth, cardiac ard secretory elements im the body.
Neostigmine may alse be administered intrvenously (0.5 mg
following 0.5 mg. atropimels 55 Edrophoniwm, which has bath

19



anticholinesterase and direct depolarizing action on muscle
(2 mg. followed by 8 mg. in 30 seconds if the first injection
does net preduce am inerease in strength) is alse widely used
today. Atropine is mot necessary with edrephonimm and fer
this reason, and because of its rapidity of astiom, edroephon-
ium is now widely used as a diagnostie agent.
Treatment

Treatment of myasthenia gravis relies mainly on anti-
cholinesterase compounds whieh are administered for the
amelioration of weakness. The quaternary ammenium compounds
neostigmine, pyridostigmin (Mestimon), and ambenomiwm (Myte-
lase) are among the most useful compounds uwsed in the manage-
ment of the myasthenic pationt. Many longer-acting compounds
are available but the danger of cwmulation and overdose is
mush greater. Bis-neostigmine and bis-pyridostigmin are ex-
amples of this latter group. Also available are several
organophesphorus anticholinesterase compounds, hewever the
maximal strength obtained after optimal doses of any of these
quaternmary ammonium eor orgamophosphorus amticholinesterases
is essentially the same aceording te Grob.23 Dosage is
highly individualized and special precautions should be taken
to familiarize the patient with signs of overdosage or wnder-
dosage, the former resulting in "eholinergie crises" and the

latter in "myasthenic crises.”
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Dosage regulation is initiated by the administratien
of a dose below that neecessary te produce maximal strength,
usually 120 mg. of pyridostigmine, 10 mg. of ambenomium, or
15 mg. of meostigmine erslly every L hours when awake, or
1l mg. of neostigmine intramuscularly every 3 hours. The dose
is then gradwally increased until mo further increase in
strength occurs. The interval between doses may be deereased
by one hewr if this proves necessary to maintaim strength.
Pyridostigmine and ambenomium should be adjusted at intervals
of 1 to 2 days due to their longer duratiom and the dose of
reostigmine may be adjusted at sherter imtervals., The dos-~
age should be optimal when adjusted. Optimal dosage is
complicated by the great variability of the disease and the
fact that different groups of the affected museles react
differently to a given dose. Onset of weakness one hour
after drug administration is suggestive of overdose while
onset of weakness 3 or more hours after administration is
suggestive of wnderdose or resistance to the drug. Edre-
phonium may aid in establishing a dosage range in that its
administration will preduse a transient inerease in strength
if the patient is in need of more medication and if met, will
produce a decrease in strength or muscarinic side effects sueh
as lacrimation, salivation, sweating, abdominal cramps, or
nausea. 56 If no change occurs it may be assumed that the
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patient is near his optimal dosage range. Atropine sulfate
is given intramuscularly as needed to prevent the muscarinie
effects of anticholinesterase compounds. After the regula=-
tory dose has been established, atropine may be administered
(0.6 mg. orally or intramuseularly every L to 8 hours) if
side effects are troublesome. Pro-Bamthime (15 mg. every

6 howrs) may also be used for the same purpose, 23

Other Drugs Used in the Treatmsnt of Myasthenia

Ephedrine sulfate, as an adjuvant to anticholinesterase
medication, and potassium chloride (25mg. t.i.d. and 2 ga.
Qei.d. respectively) are often used im the treatment of this
disease, The use ef guanidine is mot recommended at present.
Stereids have not been generally sueccessful, but some authors
still empley them, >7» 28
Drugs to be Aveided in the Myasthemie Patient

Certain drugs must definitely be avoided in myasthenie
patients. The most important of these are the cempetitive
muscle-relaxing agents, sush as curare (or d-tubecurarine)
and flaxedil. While decamethoniwm and sueccinyleholine are
better tolerated, it is best to avoid these drugs. Quimine,
quinidine and parenteral meomycin chould also be avoided,
because they may increase meuromuscular bleck. Morphine
should also be used cautiously with anticholinesterase com-
pounds. Demerol is generally well tolerated. ILocal anesthet-
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‘ics, even though they effect the neuromuscular junetion,
may be used with epinephrine to delay absorption. Ether
and eyecloprepane are alse fairly well tolerated by the
myasthenic patient. 23

Exacerbations of the disease are controlled by inereas-
ing the dose of anticholinesterase medication and removing
secretions and maintaining an airway with all means necessary.
Potassium chloride administratien, as previously stated,
improves the response to acetylcholine and anticholinesterase
drugs in some patients even though there is no evidence of
potassiwma depletion. Reduction in bedy temperature has a
8imilar effect in some patients. 8

Thymectomy and Myasthemnia Gravis

Results fellowing thymectomy in the treatment of myas-
thenic patients have varied markedly in effectiveness of
relieving or curing the disease.’d Viets and Schwab (1960)
evaluated the effect of thymectomy in 600 patients, from
their own experienee and that of others. While the ineidence
of improvement was the same after thymectomy as in the control
group when the two sexes were added together, it was twice
as high after thymectoxy when only female patients wnder 4O yrs.,
and without thymoma, were considered. 59 Viets (1953) has
recomrended that the operation be performed mainly in young
female patients who are not doing well on mediecal management.
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He does not recammend thymectomy, except in rare instances,

in patients over 50 or under 5 years of age, or in those who
are in remission or are well adjusted on medieation.

Howard and Mulder (196)4) give the following indieations fer

thymectony:

1. Thymoma demonstrated roentgenographically in any
patient whose general health is good. The rationale
is that a thymoma may be malignant and should be
removed just as any potentially malignant tumor with-
in the thorax.

2. Severe progressive myasthenia gravis that has been
present for less than two years and has not respond-

-¢d well to medication in a woman less than 35 years

These authors feel that chances ef obtaining a remission
after thymectomy in the latter group are about twice as good
as after treatment with anticholinesterase drugs only. Now-
ever, they admit that remissions after this procedure are
highly wpredictable, and even though females have a higher
remission rate than males, they also perform thymectomies in
28

males wmmder the same circumstances.

Irradiation of the Thymus

Irradiation to the thymus has been recommended by

investigators, however the results are eontroversial., Its
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valuve has not been demonstrated, but it is apparently not
harmful in adults and may be tried on patients whe are not
doing well on medieal management., There is alse difference
of opinion as to whether irradiation of the infant thymus
maYy later be followed by an increased incidence of carcinoma
of the tigreid. 51» 62
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SUMMARY

A review of the current literatuwre dealing with the many
aspects of myasthemia gravis is presented. Special emphasis
has been plaeed upon the current hypothesis ef an autoimmune
etiology. Included alse are discussions of neonatal myasthenia,
incidence, myasthenia and pregnaney, diagnostic proeedures, the
rele of the thymus gland, associated diseases, management of the
myasthenie patient, and an histerieal review.

Many aspects of the possible awtoimmwne etiology are re-
viewed and some propesals have great merit. That the defect
in neuromuscular transmission has been localized to the motor
end-plate eannot be disputed. Hewever, much im dispute is the
exact mechanism for the failure ef impulse transwmission, amd
whether there is deficient acetyleholine, an unresponsive end-
plate due to an elevated stimulus threshold, excessive anti-
cholinesterase, or a competitive block as a result of an unlknown
substance, (which in itself is the result of an autoimmune mech-
anism) is still much in doubt. There is still no conclusive
evidence, or hypothesis, that can explain all manifestations of
this disease. The demonstration of multiple antibodies in myas-
thenia gravis, its clinieal ecourse with remissions and exacerba-
tiens, the female sex preponderance, and other features reminis-
cent of other autoimmune diseases might lead one to coneclude that
myasthenia is an autoimmune disease., However, the concept ef
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autoimmune disease is new, and no disease has been proven to
occur by this mechanism. The most satisfactory demonstration
of aute-antibodies whieh might be pathogenic has been in thy-
roiditis, but even here, similar antibodies have been found
in some normal individuals. The antigen in myasthenia has not
been identified. Furthermore, the identification of amtigen
and antibody does not in itself previde evidence of the mech-
anism of disease, If there is a eirculating antibody, it has
not been demonstrated in all cases, nor has it been proven to
be the cause rather than the result of the muscular disorder.
These reservations merely indicate that much work remains
to be done and it seems very likely that immunelogieal study

of myasthenia will be important in the future.

27



CONCLUSIONS

1. Myasthenia gravis is a chronie disease with exacerba~
tions and remissions of muscular weakness, oftem involving the
ecular muscles only, but frequently generalised and affecting
many groups of skeletal muscles. Rest frequently restores mus-
cle functien.

2. Cardiac and visceral muscles are not affected in this
ailment and there is no evidence of muscular wasting, anatomical
defect in the neuromusculir junctiem, or central or peripheral
neuronal damage.

3. Cholinergic drugs are dramatically beneficial im most
instances, however cholinergic-insensitive episodes are not rare
in the management of this disease.

k. Intercostal and diaphragmatic musole paralysis is the
most life-~threatening aspect of this disease, and a not uncommon
eause of death.

5. The disease is found in any age group with a slightly
higher incidence ef generalized myasthenia and earlier onset in
females. Onset of generalized myasthenia reaches a peak im third-
decade women and is more common in males beyend 60 years of age.

6. The course ef the disease is highly variable. Most oftemn
the basic level of weakness is reached within the first year after
enset. Some patients experience complete remissions ef their
symptoms.
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7. The overall mortality rate is probably just under 15%
at the present time.

8. Pregnaney in the myasthenia gravis patient may cause
an emacerbation of the disease (usually during the six weeks
following delivery) or may even improve the patient's condition.
The general feeling is that the disease is not an indieation for
termination of the pregnancy.

9. Neonatal myasthenia gravis is not uncommon, but likely
goes wndiagnosed frequently. No correlation between the severity
of the mother's condition and the occurrence of neonatal mymsthenia
exists,

10, Approximately 3% of myausthenic patients have associated
hyperthyreidism, and 2% have exophthalmos im the absence of thyroid
disease. Either the hyperthyroid or hypothyreid state may cause
an aggravatien of the myasthenic's symptems. Lupus erythematosus
and other disease entities are frequently associated with myasth-
enia but the evidence for any known relationship is inconclusive.

11. Patholegical changes in this disease are virtually lim-
ited to hyperplasia or tumor of the thymus gland and lympherrhages
in muscles, A thymoma is present in approximately 15%.

12. The diagnosis is most frequently attempted by using
neostigmine or edrophonium and then noting the improvement in
strength in the affected muscles,

13, Treatment relies mainly on the quatermary ammonium
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compounds. (Anticholinesterases such as neostigmine, pyride-~
stigmine, and ambenomium.) Ephedrine sulfate and KCl are
frequently used as adjuvants to the anticholinesterase compounds.

14. Thymectomy appears to be indicated in young female
patients who are not doing well on medieal management, patients
who have demonstrable thymomas at any age or sex, and in severe-
ly progressive forms of the disease im either sex under the age
ef thirty-five.

15. Irradiation to the thymus as treatment for myasthenia
gravis has produced questionable results.

16. The autoimmune hypothesis currently proposed appears

to be the important pathway for future investigation.
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