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Summary

A trial is described comparing the effects of aspirin and
phenylbutazone in the treatment of acute rheumatic fever. So
far as was possible alternate cases were treated with each drug,
resulting in totals of 41 cases treated with aspirin and 47 with
phenylbutazone. Detailed analysis of the two groups showed
them to be comparable.
The results were assessed clinically by the time taken for

relief of joint pain and swelling, and for resolution of fever
and tachycardia. Frequent estimations of the E.S.R. were made
in all cases, and in 24 patients serial plasma fibrinogen
estimations were carried out in addition.
The clinical symptoms were relieved earlier and the E.S.R.

showed a more rapid return to normal in the phenylbutazone
group. Phenylbutazone also produced a more rapid return of
the plasma fibrinogen to normal levels.

Although acute symptoms recurred during treatment in seven
of the cases on aspirin, there was no evidence of recrudescence
in the phenylbutazone group.
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Strickroot et al. (1942) described the case of a mother with
myasthenia gravis whose newborn child developed signs of
generalized weakness on the third day of life and died on the
seventh day from respiratory failure. Since then 34 further
cases of neonatal myasthenia gravis have been described in
the literature. The potential gravity of the disorder, and its
possible bearing on the aetiology of myasthenia gravis, justify
reporting the clinical and serological features of two further
cases.

Case 1

In 1956, when aged 23, the mother of this case had complained
of double vision and drooping of the lids, which responded dramati-
cally to neostigmine. Two years later she developed weakness of
the trunk and proximal limb muscles. The weakness fluctuated in
severity, but she was able to remain at work while taking up to
300 mg. of pyridostigmine daily. In 1960 she began to complain
of occasional aching discomfort and swelling in the joints of both
hands, which responded to salicylates. Special investigations
revealed no abnormality. A radiograph of the chest showed no
evidence of thymic enlargement, plasma proteins and E.S.R. were
normal, and lupus erythematosus cells were not seen in her peri-
pheral blood.

She was pregnant for the first time in February 1962 and became
weaker during the last three months of her pregnancy. She was
noted to have a variable asymmetrical ptosis, impaired ocular move-
ments with diplopia, moderate generalized weakness of the trunk
and shoulder-girdle muscles, and brisk tendon reflexes. She had
swelling of the interphalangeal joints of both hands, moist palms,
and ulnar deviation of her right wrist. Normal foetal movements
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were present throughout her pregnancy, and in the latter part she
required 420 mg. of pyridostigmine daily.

During labour she had regular strong uterine contractions, but
became fatigued in the second stage and was delivered by forceps
of a male infant weighing 7 lb. 8 oz. (3,400 g.) on 18 October 1962.
The infant appeared normal at birth, but when 24 hours old had

an attack of hiccups, and excessive mucus was aspirated from the
pharynx. Five hours later he was found to be hypotonic, with shal-
low respiratory excursions. His eyes were staring, he had a feeble
cry and a drooping lower jaw, and corneal and suck reflexes were
absent. Within 10 minutes he responded to 0.25 mg. of intra-
muscular neostigmine and was found to need 0.3 mg. intramuscu-
larly three-hourly, it being given with atropine to counteract the
muscarine effects of the neostigmine. Despite this regimen his
suck reflex remained weak, his lower jaw sagged occasionally, and
he required to be tube-fed for the next two weeks. During the first
week of life he had several severe cyanotic attacks. Attempts to
wean him off neostigmine were made on the 18th, 22nd, 33rd, and
42nd days, but each occasion was followed by a relapse, with
recurrence of his original symptoms and signs, which responded
to further neostigmine. Treatment was finally stopped on the 47th
day without ill effects, and he subsequently appeared to be a normal
infant. He was last seen when 1 year old.

There were no antibodies to normal human muscle in the mother's
serum, using an indirect immunofluorescent technique. Comple-
ment-fixation tests on the mother's serum and the baby's serum on
the third day of life, using human muscle, brain, liver, thyroid, and
placenta as antigens, were all negative. The latex test was negative
in both mother and child. Antinuclear factor was present in the
serum of both.

Case 2

In 1958, at the age of 23 and during the fourth month of her
first pregnancy, this mother developed generalized weakness, so that
climbing stairs and combing her hair became an effort; a few weeks
later she complained of diplopia. Her symptoms persisted through-

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5404.284 on 1 A
ugust 1964. D

ow
nloaded from

 

http://www.bmj.com/


1 August 1964 Neonatal Myasthenia Gravis-Stern et al. BRITISH 285
MEDICAL JOURNAL

out her pregnancy but she was delivered of a baby boy uneventfully.
The diagnosis of myasthenia gravis affecting the mother was not yet
established and she had received no anticholinesterases during her
pregnancy.

The child cried in a feeble fashion, did not suck, and was noted
to have an excess of mucus in its pharynx. He was admitted to
another hospital on the fourth day of life because of inability to
feed and was found to be dehydrated, cold, and inactive. There
was no Moro response, but sucking and rooting reflexes were present.
He had a mild degree of hypoplasia of the mandible. The infant
was tube-fed for 11 days, after which he fed well, cried lustily, and
had no further symptoms.

After this delivery there was a transient remission in the mother's
symptoms, but in January 1960 she had a recurrence of generalized
weakness followed by diplopia and weakness of chewing and
swallowing. A diagnosis of myasthenia gravis was made and she
was given neostigmine; for the first time she experienced a marked
improvement in her condition. Later, despite increasing doses of
neostigmine, her condition deteriorated. She was referred to the
London Hospital, where thymectomy was performed in February
1961. The thymus weighed 10 g. and contained many germinal
centres. There was a gradual improvement in her condition, but
she continued to require anticholinesterase drugs.
During her second pregnancy, which began in August 1962, her

strength improved, but she continued to take 180 mg. of neostigmine
and 180 mg. of pyridostigmine daily. A rapid but otherwise normal
labour thwarted the plan for her delivery in hospital, and a male
infant weighing 6 lb. 5 oz. (2,865 g.) was born at home on 5 May
1963. He appeared well until the second day of life, when he was

found to be unable to suck, to become cyanosed after swallowing,
and to have lost the ability to cry.

On admission to hospital on the fourth day he was hypotonic
and lethargic, with a weak cry and a drooping lower jaw. His
eyes were open and staring. Corneal, grasp, sucking, and rooting
reflexes were absent and his Moro response was poor. He was

given 0.25 mg. of neostigmine intramuscularly and responded
within 15 minutes. His tone and cry improved and a good Moro
response was obtained. During the next four days neostigmine 0.1

to 0.2 mg. was given intramuscularly half an hour before each
four-hourly feed. Despite this, his suck reflex remained poor and
tube-feeding was necessary. Large doses of atropine were required
to counteract the muscarine effects of neostigmine, and on the eighth
day of life treatment was changed to pyridostigmine. Thereafter
atropine was no longer required. Pyridostigmine 0.5 mg. was

given subcutaneously every eight hours, but tube-feeding had to be
continued. On the 12th day one dose of pyridostigmine was omitted
and the infant had a severe cyanotic and apnoeic attack. The dose
was gradually increased to 1 mg. of pyridostigmine subcutaneously

before each feed. By the 25th day he could take his whole feed by
bottle. After the 27th day the dose was gradually decreased, being

finally discontinued when he was 40 days old without ill effects. He

was discharged 10 days later, feeding and behaving normally. Anti-

nuclear factor was absent in this child's serum.

Discussion

The clinical features of our cases are similar to those

previously described. The neonatal disease is different from

that seen in adults and affects only a minority of children
born of myasthenic mothers.

Characteristically, the affected infant shows generalized
muscular weakness and hypotonia, with little spontaneous

movement, and has a weak or absent Moro response. The

infant's cry is feeble, and feeding and swallowing are

impaired. The eyes are wide open and staring, respiratory

movements are shallow, and there may be episodic attacks of

cyanosis. The onset of weakness may be observed at birth,
within a few hours, or even after two or three days. If the

child is severely affected death may occur in the first week

from respiratory failure, and three fatalities have been

recorded. The illness lasts between 10 and 90 days, with an

average of about three wteks. No further myasthenic symp-

toms have been reported in children who have recovered
from the neonatal illness.

E

From the literature it is difficult to be sure of the incidence.
Some fatal cases may not have been diagnosed, and some
cases are so mildly affected that recovery occurs without the
assistance of drugs as is probable in the sibling of our
second patient. The recorded cases tend to be severely
affected infants. Viets and Brown (1951) found three children
with neonatal myasthenia gravis out of 36 children born of
myasthenic mothers. Fraser and Turner (1953) found one
infant affected among 22 children of 12 myasthenic mothers.
In 10 years (1954-63) six myasthenic mothers have given
birth to eight children at the London Hospital; two of these
have been affected.
There is no apparent difference in the clinical features of

the disease in women whose infants were normal and those
whose infants were affected. There is no obvious relation
between maternal dose of anticholinesterases and the severity
of the neonatal disease. Thymectomy does not prevent the
occurrence of neonatal myasthenia gravis, as is borne out in
our second case. Myasthenic mothers have had normal
births before having affected children, and, although there
are several records of two consecutive myasthenic infants,
there is no mention of a normal baby born after a myasthenic
one.

In all of the recorded cases promptly treated with paren-
teral anticholinesterases in adequate doses and repeated
suction of the upper respiratory tract the patients recovered
completely. However, the gravity of the disease is indicated
by the severe cyanotic attacks which occurred in both our
cases-in the first while the infant was receiving regular treat-
ment, and in the second when one dose of pyridostigmine was
omitted.
Although the clinical features of adult myasthenia gravis

have been recognized since the latter half of the nineteenth
century, neonatal myhsthenia gravis was not described until
soon after the introduction of anticholinesterase drugs. It
has therefore been postulated that during intrauterine life the
infant's muscles become adapted to function in the presence
of anticholinesterases and that neonatal symptoms are due
to the withdrawal of drugs. If this were the complete
explanation it would be expected that many more children of
myasthenic mothers would be affected. The symptoms of the
mother of our second case suggested that she was myasthenic
when she gave birth to her first child, who, in retrospect, was
probably affected, although no anticholinesterases had been
taken during pregnancy. Kibrick (1954) described a very
similar case of an infant who also had hypoplasia of the man-
dible, and who was born after the mother had developed
symptoms of myasthenia gravis but before she had been
diagnosed or treated. A presumptive diagnosis of neonatal
myasthenia was made later, after the birth of a severely affected
sibling. It is more likely that maternal medication influences
the delay before symptoms are apparent in the infant.

Churchill-Davidson and Wise (1963) have reported the myas-
thenic-like electrophysiological properties of the muscles of
normal newborn infants born of normal mothers, demonstrating
a remarkable tolerance to depolarizing agents and characteristic
responses to tetanic stimulation. Presumably some of the
infants of myasthenic mothers are exposed to additional factors
which convert a latent symptomless condition into an overt and
potentially fatal clinical disorder.
There has been some evidence (Walker, 1938 ; Wilson and

Stoner, 1944), albeit conflicting, that adult myasthenia gravis
might be associated with a circulating substance exerting a
curare-like effect on neuromuscular function. Stricker et al.
(1960) have shown that patients severely affected with myas-
thenia gravis temporarily improve after haemodialysis. This
could be attributed to the removal of such a substance from the
patient's blood-stream.

Simpson (1960) and Nastuk et al. (1960) have suggested that
myasthenia gravis might be an autoimmune disorder, and
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recently antibodies to human muscle have been detected in the
serum of some patients with myasthenia gravis (Strauss et al.,
1960; Beutner et al., 1962 ; van der Geld et al., 1963). White
and Marshall (1962) have also demonstrated antinuclear factor
in the serum of six out of 16 patients with myasthenia gravis. A
close correlation between these serological observations and
clinical manifestations has not yet been described, and it would
be difficult to account for the reported improvement after
dialysis (Stricker et al., 1960), as it is unlikely that antibodies
could be cleared from the circulation.
Some of the clinical features of neonatal myasthenia gravis,

particularly its duration, its complete remission, and its ten-
dency to affect consecutive infants, are compatible with the
suggestion (Beutner et al., 1962) that the disease might represent
the passive transfer of maternal antibodies. The clinical details
of our cases could be interpreted in accordance with this
suggestion, but the available serological information offers no
confirmation of transfer of antibodies. It appears unlikely that
muscle antibodies of antinuclear factor can be directly related
to the neonatal disorder. In Case 1 complement-fixation tests
and an indirect immunofluorescent technique failed to detect
any circulating antibodies to normal human muscle. Anti-
nuclear factor may have crossed from the maternal circulation
to the foetus in Case 1, but it was absent in the serum of
Case 2.

Until further observations, possibly utilizing more sensitive
serological methods, correlate the passage of antibodies from
mother to child with clinical disturbance in the infant, the view
that neonatal myasthenia gravis is the manifestation of passive
transfer of maternal antibodies must remain speculative and
unproved.

Summary

Two cases of transient neonatal myasthenia gravis are
reported. In the first case circulating antibodies to muscle

could not be detected, but antinuclear factor was present in
the serum of mother and child. Antinuclear factor was not
present in the serum of the second infant.
The disorder may be more common than the literature

suggests. The potential gravity of the unrecognized illness
and the favourable therapeutic response to adequate doses of
parenteral anticholinesterases are stressed. The condition may
affect the children of untreated myasthenic mothers. Maternal
medication probably influences the delay before symptoms are
apparent in the child.

Current views on the nature of myasthenia gravis are
reviewed. The available serological information in our cases
does not confirm the hypothesis that transient neonatal myas-
thenia gravis represents the passive transfer of maternal anti-
bodies.

We are grateful to the physicians and surgeons concerned for
permission to publish cases under their care, and to the Muscular
Dystrophy Group, who aided this work with a grant for secretarial
assistance.
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Variation in Rate of Salicylate Elimination by Humans
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Intensive salicylate therapy, as in the treatment of arthritis or
rheumatic fever, frequently involves the use of doses large
enough to maintain plasma salicylate concentrations just below
toxic levels (Talbott, 1960). For optimum results it is often
thought desirable to maintain plasma salicylate levels in a
narrow range (about 30-40 mg./100 ml.), the lower value being
regarded as the concentration usually necessary to achieve the
desirable anti-inflammatory and analgesic effect, the upper
value representing a concentration at which some of the toxic
effects of salicylate may often become apparent. Maintenance
of plasma salicylate levels in a narrow concentration range can
be accomplished only by careful adjustment of the dosage
regimen (Levy, 1963). This requires the use of an initial
" loading " dose to establish the desired plasma salicylate con-
centratioA and of appropriate maintenance doses to maintain
this concentration within acceptable limits. The size and

frequency of the maintenance doses can be determined
only if the rate of elimination of the drug is known (Levy,
1963).

Surprisingly, data concerning the kinetics of elimination of
salicylates by humans are very sparse, despite the long history
and wide use of these drugs. It was thought desirable, there-
fore, to determine the rate of elimination of salicylate in a
group of subjects under conditions which permitted evaluation
of both intersubject and intrasubject variations.
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Experimental

Seventeen healthy human subjects, consisting of seven men
and ten women, aged 23 to 53, weighing 52 to 96 kg., were
given 1 g. (three 0.33-g. tablets) of aspirin on an empty stomach.
Blood samples were taken two, four, six, eight, and in most
cases also 10 hours after drug administration. Plasma salicylate
concentrations were determined by the colorimetric method of
Trinder (1954). After one week the test was repeated.
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