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HISTORY

In an intensive review of the literature, Vietsl found that
myasthenia gravis was not described with any pretense of complete-
ness as a clinical entity until the last quarter of the 19th
century. However, a reference by Thomas Willis, an astute 17th
century English clinician, indicates that Willis knew of the
disease and recognized the chief symptoms of asthenia of the
voluntary muscles with recovery after rest. The description of
the weakness in a patient in 1672, first noted by Guthrie in 1903,
occurs in Willis' book, with illustrative cases, entitled '‘De
Anima Brutorum', on the physiology and pathology of disease.
Willis' description is as follows:

"There is another kind of this disease depending
on the scarcity of the spirits in which the motion
falls wholly in no part or member, yet is performed
but weakly only, or deprivedly by any. Those who
being troubled with the scarcity of spirits, will
force them as much as they may to local motions, are
able at first rising in the morning to walk, move
their arms this way and that, or to lift up a weight
with strength; but before noon the stores of the
spirits which influence the muscle being spent they
are scarce able to move hand or foot. | have now a
prudent and honest woman in care who for many years
had been obnoxious to this kind of Bastard palsy, not
only in the limbs but likewise in the tongue. This
person for some time speaks freely and readily enough
but after long, hasty or laborious speaking, presently
she becomes mute as a fish and cannot bring forth a
word, Nay, and does not recover the use of her voice
until after many minutes.''

Nearly 200 years were to pass before myasthenia gravis was
again referred to in the medical writings. In 1877 Samuel Wilks,
an English physician, gave a brief account of a girl with symptoms



suggestive of myasthenia. Although the history of his patient's
illness is not entirely characteristic, difficulty in swallowing,
talking, and breathing developed rapidly, and death occurred
suddenly., At postmortem examination no microscopic changes were
found in the medulla, strikingly in contrast to what was already
common knowledge of the pathology of bulbar paralysis of the
degenerative type. Wilks thus contributed the initial description
of the failure to find pathological destruction of nerve tissue in
the appropriate area of the central nervous system,

In 1879 Wilhelm Heinrich Erb in Germany wrote a reasonably
full account of the syndrome based on the observation of three
patients, one of whom died suddenly. Even though Erb's paper is
not complete, it-is of value in that for the first time some of
the chief symptoms of myasthenia gravis are brought out clearly.
An even more complete single case history was contributed by
Eisenlohr in 1887, and subsequently within a few years many other
reports were at hand, including an unusually detai led one by
Hermann Hoppe, an American student working in Oppenheim!s clinic
in Berlin in 1892,

With a score or more cases reported by 1893, some with nega-
tive examinations of the pons and medulla, Goldflam (1893), added
greatly to our knowledge of the disease and his name is rightfully
coupled with that of Erb in the eponym, the Erb-Goldflam symptom
complex. Goldflam analyzed the symptoms of myasthenia gravis in
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far superior to those found in Jolly's paper in 1895. In 1897
Collins presented the first paper from America on myasthenia gravis.
Collins reviewed the literature and presented a patient, age 27,
whose first symptoms developed during pregnancy. In 1899 Sinklor
reported two cases at the 25th annual meeting of the American
Neurological Association being the first to demonstrate the facial
appearance of a patient by photographs.

The year 1900 witnessed a great outpouring of literature on
the subject. The disease became widely recognized in the minds of
the British and American medical profession, chiefly owing to the
paper by Campbell and Bramwell in Brain, a standard neurological
Jjournal. In this paper Campbell and Bramwell revised the entire
literature up to 1900, abstracted each case, and compiled a table
giving the major symptoms and signs.

By 1900 much of the symptomatology of myasthenia gravis was
recognized.2 From 1900 to 1934 the disease was considered uncommon
and usually fatal. The pathologic changes were noted in the nervous
system and only the thymic abnormality and '‘lymphorrhages'’ in the
skeletal muscles were noted. The present day concept for myasthenia
gravis came largely through the discovery of the junctional trans-
mission of nervous effects by chemical agents by Otto Loewi (1921),
Henry H. Dale (1933) and others, the striking response of physo-
stigmine and later neostigmine in overcoming the muscular deficiency
in patients by Mary B. Walker (1934) and the suggested relationship
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fluctuations in severity. Within the first three years after onset,
the basic level of weakness is usually reached. Most often this
basic level of weakness is reached within the first year. In
patients who develop severe myasthenia, the average interval be~
tween onset of the disease and the first severe episode is eight
months. This interval tends to be shorter in male patients, in
whom the disease is more likely to progress rapidly than in females.
In others there is rapid progress, both in the extent and severity
of the involvement, leading to death within a few months. In still
others, ocular manifestations may be the only evidence of myasthenia
for many years.7
Symptoms of the disease tend to fluctuate in severity from
day to day or at longer intervals in almost all patients, and
approximately one-fourth have a remission lasting at least six
months, with complete or nearly complete disappearance of signs
and symptoms. During these, weakness of the extraocular muscle is
usually the last to disappear and the first to occur with exacerbation.
Most patients have only one remission, while 10 per cent have
two to four. Half of the remissions begin during the first year
of illness, but others occur after as many as 17 years, with the
average, interval between onset of disease and remission being
four years. The duration of remission varies up to 18 years, with
an average of 4.6 years.7

Upper respiratory infection, grippe-like illnesses, emotional
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increase of the symptoms as the day wears on is the opposite of
the so-called neurotic fatigue states.

Involvement of the bulbar muscles concerned with swallowing
and talking is easy to identify. Speech, after a few seconds,
becomes nasal in quality, a characteristic of myasthenia gravis.
In this condition clear enunciation at the level of a whisper or
examples of hoarseness are not found. The dysphagia usually
involves the nasal regurgitation of liquids and is accompanied
nearly always by extreme exhaustion of the power of chewing, so
that food sometimes has to be removed by the fingers from the
mouth because it cannot be broken into small enough particles to
attempt to swallow.

The pattern of development of myasthenia in a particular
muscle group may be elicited by various simple tests designed to
place the muscles at a continuing high level of activity. A most
reliable clinical test consists of asking the patient to look up
at the extended finger of the examiner for a period of one minute.
In myasthenia gravis the lids slowly droop so that at the end of
30 seconds there is at least 50 per cent ptosis. At the end of
one minute one or the other eyeball is usually covered.ls’I8
Measurement can also be made of the length of time that the head
and each extended leg can be elevated when the patient is in a
supine position and the length of time the arms can be held above

the horizontal position when the patient is sitting.u Grip strength
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doses are administered 3 minutes apart up to a maximum total of 4
mg. |If a marked reduction of grip strength does not occur follow-
ing the administration of 4 mg. of d-tubocurarine, it is unlikely
that the patient has myasthenia gravis. After the diagnosis of
myasthenia gravis is established, the residual effects of d=tubo-
curarine should be antagonized by intravenous neostigmine in 0.5
mg. increments. The first dose should be injected with 0.4 to
0.6 mg. of atropine.

Roentgenograms of the chest at times reveals an enlargement
in the mediastinum that is indicative of thymus involvement. In
all cases of myasthenia gravis, routine chest films, if negative,
should be followed by planography in order to determine whether
thymic enlargment is present.‘l

Myasthenia gravis must be differentiated from various
structural diseases of the nervous system which leads to muscular
weakness in similar groups of muscles. The consistent level of
the weakness, the development of atrophy and the failure of response
to neostigmine are usually sufficiently clear so that no difficulty
is encountered in differentiating cases of motor neuron disease,
polyneuritis, muscular dystrophy and others. Amyotrophic lateral
sclerosis and its bulbar syndrome are easily distinguished by the
presence of muscle atrophy and fasciculations, and by evidence of
systemic disease elsewhere. Myltiple sclerosis is not readily
confused, but may offer difficulties in rare instances. The history
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same degree of maximal improvement is attained. Further increase
in dose seldom results in a further increase in maximal strength,
and excessive dosage, particularly of the longer-acting compounds,
is likely to produce generalized weakness ~-- the so-called
“cholingeric crisis.'

The longer the duration of action of the anticholinesterase
compound, the more prolonged and even is the increase in strength
which is produced, and the longer may be the interval between
doses, but the likelihood of cumulative effect of repeated doses
and of administration of overdose is also greater. Pyridostigmin
and ambenonium are intermediate in their duration of action and
danger of overdose, and generally produce more satisfactory
revaluation than the other compounds when oral administration is
on 120 mg. to 300 mg. of pyridostigmine or 10 to 30 mg. of
ambenonium administered orally at 3 to 4 hour intervals when the
patient is awake. The initial dose can generally be near the
lower limit of these ranges. The dose is then increased every
one to two days until no further increase in strength occurs.
Further increase in dose should be avoided unless there appears
to be a decrease in the patient's response to the drug, and it
should then be undertaken with the same precautions.

Pyridostigmine and ambenonium produce the same peak strength
as neostigmine, but their longer duration of action results in

more even strength, better endurance, and greater residual effect
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result in cumulation of drug and overdose. Whenever augmentation
in dose of any anticholinesterase drug results in no further
increase in strength, the dose should be reduced to the previous
level, in order to administer the least amount of drug necessary
to produce a maximal level of strength.

Unfortunately, what adjustment to make in dose may be difficult
to decide since the manifestations of drug overdose are often
similar to the symptoms of myasthenia gravis. The problem is
further complicated by the fact that the various muscle groups
may have differing drug requirements so the level of drug at which
overdose occurs may vary with different muscles. The muscles of
the neck and of chewing and swallowing often show manifestations
of overdose first; the muscles of the shoulder girdle and upper
extremeties may be affected next. The pelvic girdle and extra-
ocular muscles are usually most resistant to the effects of
excessive drug and may be unaltered or even improved in strength

when the other muscles have become weaker due to overdose. The

muscles of the legs are also often at good strength at this time,
though they may fasciculate, and in this manner warn of excessive
drug administration.

The differentiation between overdose and underdose may be
facilitated by careful attention to the time of onset of weakness.
Weakness one hour after drug administration is suggestive of over-
dose and three or more hours after drug administration suggestive
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thymectomy in myasthenia gravis.9 The benefits of thymectomy seem
to be greater in females than in males, and better results are to
be expected in patients under 40 years of age, especially if sur-
gery is performed soon after the onset of the disease.Io It has
been reported by Viets and Schwab that significant objective
improvement occurred after thymectomy more than twice as frequently
in suitably selected patients than in nonoperated controls.35

The improvement produced by thymectomy seemed to be more
persistent than that observed after spontaneous remissions. Many
patients experienced an increase in responsiveness to, and a
decrease in requirement for, anticholinesterase medication within
a few days after operation. However, in some cases, beneficial
effects from thymectomy did not occur until as late as three years
postoperatively. In the immediate postoperative period increased
anticholinesterase requirements were also observed occasionally.s’9

Before the effects of thymectomy on the course of myasthenia
gravis may be fully evaluated, more carefully controlled studies
are needed. It is extremely difficult in a disease that is so
variable to know whether favorable results are due to the thera-
peutic procedure or to an unrelated change in the course of the
disease, to increased encouragement of the patient, or to
exacerbation of the myasthenia, which is sometimes followed by
improvement.

At the present time, thymectomy should be limited to females
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under 40 and over 5 years of age, whose disease progresses rapidly
right from the start and to those patients who are becoming pro-
gressively worse despite careful medical management and in whom
the chance for spontaneous remission appears to be small.36
Reports of a beneficial effect following carotid sinus dener-
vation and parathyroidectomy have not been substantiated.9
The value of irradiation has not been demonstrated, but it is
apparently not harmful in adults and may be tried in patients who
are not doing well on medical management.7
Management of Exacerbation of Myasthenia Gravis:
Exacerbation of the disease is characterized not only by
increased weakness but also by increased requirement for, and

3 Upper

diminished response to, anticholinesterase medication.
respiratory infection, other infectious illness, emotional tension,
and the postpartum period are the factors most commonly associated
wi th exacerbation. In addition, most women feel weakest for several
days before each menstrual period. However, exacerbation of the
disease sometimes occurs without evident cause. The term ''Myasthenia
Crisis' has been coined when the exacerbation is severe, with
difficulty in swallowing and breathing.IO
Exacerbation of myasthenia gravis is managed by increasing the
dose of anticholinesterase medication and employing mechanical
measures when needed to maintain respiration and remove secretions.

The patient should be managed with intramuscular neostigmine,
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supplemented by atropine when dysphagia or respiratory weakness

is severe and oral medication should be discontinued. The longer-
acting drugs, pyridostigmine and ambenonium, may also be adminis=-
tered parenterally in the place of neostigmine, however their
longer action makes adjustment of dose and avoidance of overdose
more difficult.

If upper airway obstruction, resulting from severe dysphagia
and weakness of the pharyngeal and tongue muscles, is marked
enough to cause cyanosis, an endotracheal catheter should be
inserted. The endotracheal tube should not be left in place more
than 48 hours, as this produces edema of the larynx, which may
result in airway obstruction when the tube is removed. It is
usually best to perform a tracheotomy under local procaine
anesthesia since most myasthenic patients continue to have severe
dysphagia after withdrawal of the tube. Since respiratory
weakness usually develops concomitantly with pharyngeal weakness,
most patients who are intubated or tracheotomized require artificial
respiration,

Regardless of the means of artificial respiration employed,
endotracheal intubation or tracheotomy and periodic suction should
be performed as soon as needed to reduce upper airway obstruction
and pooling of secretions in the pharynx and to prevent aspiration
and pneumonitis. Oxygen may be administered, with nebulized
moisture to prevent drying of mucous membranes and with a detergent
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to assist in the removal of secretions. It is probably helpful

to administer penicillin and streptomycin parenterally to.patients

in respirators as a prophylactic adjunct since the dysphagia and

impairment of cough and respiration that precede institution of

artificial respiration predispose to atelectasis and pneumonia.7
While the patient is in the respirator, the dose of neostig-

mine should be reduced to 0.5 to | mg. or less intramuscularly

every 2 to 3 hours, as this is frequently followed by some improve-

ment in response to the drug. Reduction in the amount of anti-

cholinesterase medication appears to be particularly helpful in

patients who had been receiving large doses and who had

mani fested decreasing responsiveness to this medication.

Presumably, this is a result of the development of an acetylcholine-

insensitive state of the motor end-plates following prolonged

exposure to high concentrations of endogenous acetylcholine.37

Reduction in the local concentration of transmitter may be

responsible for improvement in responsiveness to acetylcholine

and anticholinesterase agents that often occurs. Some authors

have actually advocated stopping anticholinesterase drugs entirely

for approximately 72 hours.38
In some patients the administration of potassium chloride

improves the response to acetylcholine and anticholinesterase

drugs, even in the absence of evidence of depletion of this ion,

37

Reduction in body temperature has a similar effect in some patients.
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Fluid and electrolyte balance are maintained by intravenous
administration of proper fluids. |If the patient is unable to
swallow by the third .day, a stomach tube should be inserted and
feedihg begun to maintain an adequate nutritional state.9
Crisis:

The chief emergency that arises in the management of moderately
severe myasthenia is the differential diagnosis of the cholinergic
crisis from that caused by an acute exacerbation of the disease
(myasthenic crisis).‘8

In management of the disease, graded doses of an anticholin-
esterase compound are administered until a maximal level of strength
is attained in the affected muscles. Unfortunately, in patients
with severe myasthenia the maximal strength attained may be far
below normal. Increasing doses may result in no further increase
in strength, and excessive drug may produce generalized weakness
cholinergic crisis. This is attributable to the accumulation of
an excessive concentration of acetylcholine at the motor end-plates
and prolonged depolarization of this region, followed by refractor-
iness of the end-plates to the action of acetylcholine.37

The weakness that occurs in myasthenic patients following
excessive doses of anticholinesterase compounds is in many ways
simi lar to that produced by smaller doses of these compounds in
normal subjects. However, whereas generalized muscular fascicula-

tion and muscarinic symptoms (Nausea, vomiting, abdominal cramps,
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diarrhea, sweating) invariably develop in normal subjects, fascicu-
lation is frequently absent or minimal in patients with severe
myasthenia, and muscarinic symptoms may be either pronounced, mild,
or absent. Furthermore, the prior administration of atropine may
suppress the muscarinic symptoms.9
If overdose is suspected, the simplest way of confirming this
is to withhold medication for several hours and carefully observe
whether the strength increases or decreases. Often it is helpful
to observe the effect on the weakness of administration of the
short-acting anticholinesterase and cholinergic compound

39

edrophonium, One mg. of edrophonium is injected intravenously,
which may be repeated in 2 to 5 minutes if there is no effect.
If the patient becomes weaker, the presence of drug overdose is
confirmed and reduction in medication indicated. {|f the patient
becomes stronger, the weakness can be attributed to insufficient -
anticholinesterase medication, and cautious increase in medication
may be attempted. |f there is no change in strength in a patient
who is very weak, it is likely that the weakness is due to an
acetylcholine-insensitive state, to drug overdose, or both, and
reduction in medication is warranted.

The presence of drug overdose may also be confirmed by
observing the effect of administration of an oxime such as
pyridine - 2 -~ aldoxime methiodide (P-2~AM) or diacetyl monoxime

(PAM) which is capable of reversing cholinesterase inhibition and
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neuromuscular block produced by anticholinesterase compounds.
In patients who respond well to anticholinesterase medication,
the intravenous injection of 500 mg. of P=2-AM or DAM may restore
strength‘to a more optimal level if the patient was overdosed, or
produce a decrease in strength if the patient was either underdosed
or on an optimal dose of medication. In patients who respond poorly
to anticholinesterase medication, presumably owing to the develop-
ment of an acetylcholine-insensitive state, the administration of
oxime may have no effect.

|f the myasthenic patient is weak due to overdose of anti-
cholinesterase medication, strength will be improved by the
intravenous administration of oxime, such as P-2-AM or DAM. This
is so only if the motor end-plates are capable of responding to
this medication. These oximes reverse the neuromuscular action
of anticholinesterase compounds. The effect of this reversal
depends upon the prior action of the anticholinesterase compound.
Whereas in normal subjects neuromuscular function and strength
are returned toward normal, in myasthenic patients the effect
depends on the status of the patient at the time of oxime adminis-
tration. |If sufficient anticholinesterase compound had been
administered to depress function, this is restored to a more
optimal level. But, if function was optimal at the time of oxime
administration, it is restored toward the basal level present

prior to the administration of anticholinesterase compound.9
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While the oximes are effective in the management of anti-
cholinesterase intoxication in myasthenic patients, administration
must be made with caution. Following the amelioration of weakness
due to this intoxication by the administration of 1,000 mg. of
P-2-AM or DAM, repetition of this dose produces weakness in some

ad It is therefore recommended

patients with myasthenia gravis.
that myasthenic patients suffering from anticholinesterase intoxi-
cation be titrated with successive 500 mg. doses of P-2-AM or DAM,
at 5 to 10 minutes intervals, until strength is restored to the
maximal level attained following the administration of optimal
doses of anticholinesterase compound. Systemic weakness produced
by the recommended doses of oximes in myasthenic patients is due
to reversal of the action of previously administered anticholines-
terase compound rather than to the direct effect of oximes.
If the muscarinic manifestations of anticholinesterase intoxi=’
cation are present, atropine should be administered in a dose of
1 to 2 mg. intravenously or intramuscularly and repeated if necessary,
since these manifestations are not affected by the oximes.9
Upper airway obstruction due to weakness of the pharyngeal and
tongue muscles and respiratory weakness are managed by endotracheal
intubation and artificial respiration, just as in the management of
myasthenic crisis. While prompt administration of an oxime may
diminish the necessity for and duration of these measures, there

should be no delay in initiating them, since the oximes will only
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neuromuscular junction have been reported. No gross changes have
been described in the skeletal musculature with the exception of
occasional early or late atrophy in the involved muscle. The most
frequent findings are the presence of lymphorrhages on microscopic
examination., Significant histological changes in the myasthenic
end-plate and also in the distal nerve fibers have also been reported.
These changes are: (1) The dystrophic end-plate; and' (2) The
dysplastic end-plate. In addition to the findings at the neuro-
muscular junction and in the skeletal musculature, significant
changes were observed in the myocardium and the thymus.

The main symptom of myasthenia gravis is weakness involving
the bulbar and/or limb musculature. The weakness becomes more
evident on prolonged or repeated use of the muscle. Common symptoms
are ptosis, diplopia, dysphonia, difficulty in mastication, dysphasia,
respiratory weakness and loss of limb strength. Myasthenia is
characterized by spontaneous remissions and exacerbations.

In most instances the diagnosis of myasthenia gravis can be
made on the basis of history and physical examination alone. The
diagnosis then can be confirmed by the use of mechanical aids.
These include the use of the dynamometer or ergograph and various
pharmacologic tests. The various pharmacologic tests in use are
the Neostigmine Test and the Edrophonium Test, both anticholinesterase,
and the '‘Curare Test, a nondepolarizing muscle relaxant. Myasthenic

patients should have annual roentgenologic examination of the chest,
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the first and most important task in the management of myasthenic
crisis. Drug therapy in myasthenic crisis is directed towards

the control of muscarinic side effects, the improvement of muscle
strength, and the prevention of infections of the respiratory tract.

Before the effects of thymectomy on the course of myasthenia
gravis may be fully evaluated, more carefully controlled studies
are needed. At the present time, thymectomy should be limited to
females under 40 years of age, whose disease progresses rapidly
right from the onset.

X-ray therapy has also been tried but without conclusive
results.

In conclusion, the victory against myasthenia gravis is going
to be the discovery of its etiology and its cure. This goal is
going to be achieved by the activities of the Myasthenia Gravis
Foundation, which include the money raised, the voluntary chapters
organi zed, the clinics supported, the research and educational

grants contributed and the information amassed and disseminated.
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