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syndrome: distribution of abnormality and effect of
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SUMMARY Treatment with plasma exchange, steroids, immunosuppressant drugs and cytotoxic
chemotherapy was effective in two cases of cancer-associated Eaton-Lambert myasthenic syn-

drome. The clinical improvement noted during treatment was accompanied by improvement in
the electrophysiological abnormality; this was much more marked in abductor digiti minimi and
trapezius than in extensor digitorum brevis.

The myasthenic syndrome is a disorder of
neuromuscular transmission characterised by weak-
ness and muscular atrophy.' 2 Weakness is most
marked in the proximal muscles of the legs, and it is
generally worse at rest, improving with exercise.
Ocular muscles and eyelids are usually spared. Many
patients complain of a dry mouth and other auto-
nomic disturbances may occur.'-3 These features
distinguish the disorder from myasthenia gravis. The
diagnosis is confirmed by the characteristic elec-
trophysiological findings. The compound muscle
action potential evoked by a single nerve stimulation
is of low amplitude, and a decremental response is
observed during low-frequency repetitive nerve
stimulation. However, stimulation at a faster rate
elicits an incremental response, sometimes preceded
by an initial decrement.' 24-6

It has been shown that the myasthenic syndrome
is a pre-synaptic disorder in which the number of
quanta of acetylcholine released by each nerve
impulse is reduced.4 This results from binding of an
IgG autoantibody to nerve terminal determinants.7
The suggestion that the disease had an autoimmune
basis' led to treatment with plasma exchange and
immunosuppressive drugs.7-'0

In assessing the response to treatment, the dis-
tibution of weakness and the electrophysiological
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abnormality must be carefully considered.
Improvement has been reported during treatment
with guanidine,5 4-aminopyridine and related com-
pounds"'3 and with steroid therapy,'4 '" plasma
exchange7-' 6 and immunosuppressive drugs.8 9 6 7
This improvement has been correlated with an
increase in the amplitude of the initial evoked com-
pound muscle action potential.'0 '7 These
studies7'-' '6 '7 have concerned patients with the
myasthenic syndrome unrelated to carcinoma, apart
from two cases of carcinoma-associated myasthenic
syndrome,7 and one patient with multiple
myeloma.'1

In this paper we describe the response to treament
with plasma exchange and cytotoxic chemotherapy,
and the distribution of the clinical and elec-
trophysiological abnormality, in two patients with
carcinoma-associated myasthenic syndrome.

Patients

Case I
A 53-year-old man presented to another hospital with a 10
day history of progressive proximal weakness. He was
unable to lift his arms to shave adequately or to rise
unaided from a squatting position but hand grip remained
relatively unaffected. He gradually deteriorated during the
following two months. Polymyositis was suspected and
treatment was begun with oral prednisolone 60 mg on
alternate days. He noticed slight improvement in strength
on steroid treatment days but there was no overall
improvement and he remained severely disabled. One
month after beginning this treatment, and four months
after the onset of muscular weakness, he was transferred to
The London Hospital. At that time it was noticed that he
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complained of a persistently dry mouth. On examination
there was proximal weakness more marked in hips than
shoulders. There was mild symmetrical wasting of forearm
muscles, deltoids, triceps, quadriceps, hamstring and gas-
trocnemius muscles. He was strikingly weak on awakening
in the morning, improved during the day's activities, but
became progressively weaker during the latter half of the
day. A transient improvement in strength was noted during
a short voluntary contraction in all limb muscle groups.
However, during sustained exercise there was marked
fatiguability, and he required support when walking more
than a few metres. The deep tendon reflexes could only be
elicited during the few seconds following a maximal volun-
tary contraction of the same muscle group. There was no
diplopia or ptosis and speech and swallowing were normal.
Investigations Serum electrolytes, thyroid function,
immunoglobulin electropheresis, complement (C3 and C4)
levels and DNA binding were normal. Thyroid and gastric
parietal antibodies were not detected. Antinuclear factor
estimations showed a diffuse increase. The blood creatine
kinase (CK) was 47 IU/I (normal less than 130 IU/l). Tis-
sue typing revealed Al, 2/B8, W62/CW7, W3/BW-/6,
DR3. Chest radiographs showed slight hilar enlargement
and tomography revealed a small mass. Following bron-
choscopy, histological confirmation of an oat-cell bronchial
carcinoma was obtained. No metastases were found during

whole-body isotope scanning. A quadriceps muscle biopsy
showed Type 2B fibre atrophy with scattered pointed
atrophic Type 1 fibres. Two fibres in the biopsy were nec-
rotic but there were no inflammatory cell exudates. EMG
investigations were carried out on several occasions (see
below).
Clinical course Treatment with alternate day pred-
nisolone was continued and plasma exchange was begun.
Improvement was evident after the third plasma exchange,
six days after beginning this treatment. Walking improved
more slowly than arm strength, and eight weeks after
beginning treatment his strength was virtually normal. Ini-
tially he could walk 40 metres in 59 seconds. After three
plasma exchanges (day 14) he could walk this distance in
45 seconds and after 8 exchanges (day 39) he could walk it
in 35 seconds. On day 56 he also completed the distance in
35 seconds. Plasma exchanges (approximately three litres)
were performed on days 9, 10, 12, 16, 17, 22, and 25 and
chemotherapy, comprising intravenous cyclophosphamide
and vincristine, and oral VP16 (100 mg) was given on days
18, 39, 60, and 81. The prednisolone dosage was gradually
reduced from 60 to 30 mg on alternate days but at about
day 150-160 he noticed a gradual return of weakness and
fatiguability. Strength rapidly improved when pre-
dnisolone dosage was increased to 50 mg on alternate
days.
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Fig 1 Case 1. Initial compound muscle action potential amplitude after a period ofrest and after 30 seconds
maximal voluntary contraction in trapezius, abductor digid minimi and extensor digitorum brevis muscles.
Increase in amplitude after voluntary contraction is most evident in abductor digiti minimi. In trapezius and
abductor digiti minimi there is a gradual improvement in initial compound muscle action potential amplitude
during the course oftreatment (normal values given in table 1)
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Case 2
A 58-year-old man, who smoked a hundred cigarettes per

day, presented seven months before the development of
muscular weakness with a six week history of increasing
dyspnoea on exertion, a hoarse voice and prominent neck
swelling. He was found to have a mass in the left hilar
region with a widened mediastinum. A diagnosis of
superior vena cava obstruction due to carcinoma of the
bronchus was made. He was treated with radiotherapy to
the mediastinum; symptoms of superior vena cava obstruc-
tion improved but he was left with a paralysed vocal cord.
Muscular weakness developed during the three months
before admission, particularly affecting the legs and neck,
and he complained that his mouth was dry. On examina-
tion there was marked proximal weakness, more marked in
the legs, especially the right, with weakness of the trunk
and neck. The legs were weaker than the arms and he
could walk only a few metres unaided. Distal strength was

relatively preserved. There was bilateral ptosis but ocular
movements were normal. Swallowing was difficult. The
tendon reflexes were absent.
Investigations No abnormality was found on routine
haematological and biochemical investigations. The CK
was 53 IU/l. Tissue typing revealed Al, Al1/B8, B18/
CW7, -/BW/6. A quadriceps muscle biopsy showed dis-
seminated neurogenic atrophy with several zones of Type 1
and Type 2 fibre grouping. In addition, there was a sparse
interstitial infiltration with small lymphocytes. EMG
studies were carried out on three occasions before and
during treatment.
Clinical course Plasma exchange was begun on the 5th
hospital day and walking was noticeably improved four
days later, after three exchanges. Improvement continued
and three weeks later, after six exchanges, strength was

normal in the arms but there was only slight improvement
in the legs. Cytotoxic chemotherapy was begun with
cyclophosphamide, vincristine and VP 16. There was some

further improvement in muscular strength during the next
four weeks but he then developed pneumonia and died.

Electrophysiological methods

Routine concentric needle muscle sampling, single fibre
EMG examinations, and motor and sensory nerve conduc-
tion studies were performed using standard methods with
limbs adequately warmed. On days 1, 2, 3, 22, 45 and 164,
serial surface-recorded, evoked compound muscle action
potentials were obtained in response to repetitive 2 Hz and
20 Hz supramaximal stimulation of nerves supplying
trapezius'9 abductor digiti minimi (ADM) and extensor
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digitorum brevis (EDB) muscles.202' Care was taken both
to ensure adequate rest between trials and to make accu-

rate replication of electrode sites. Recordings were made
at rest and following 30 seconds of maximal voluntary
(iosmetric) contraction of the appropriate muscle (fig 1).
Computer analysis of the compound muscle action poten-
tials22 was used to determine amplitude and area meas-

urements, for the 1st, 5th, 10th and 20th successive poten-
tials in each stimulus train.

Sequential observations were carried out in both
patients during treatment (fig 1). In Case 1 steroid therapy
was discontinued for 48 hours before the investigations.
On day 1 recordings were made at 0800 hours (before
rising), at 1200 hours after a sedentary morning, and at
1600 hours after exercising to tolerance during the after-
noon. Further examinations (days 2, 3, 22, 45 and 164)
were performed at 1600 hours without preceding exercise.
Day 2 was a steroid treatment day (prednisolone 60 mg at
0800 hours) and the next day (day 3) was a steroid free
day. Case 2 was studied on three occasions during the
course of diagnosis and treatment. The same muscles were

studied as in Case 1.

Results of electrophysiological studies

Motor and sensory nerve conduction velocities in
the median, ulnar and peroneal nerves were within
normal limits in both patients. Concentric needle
EMG sampling of biceps, quadriceps and tibialis
anterior muscles showed low amplitude motor units
which tended to increase in amplitude during con-

tinous activity. The interference pattern was full. In
Case 1 single fibre EMG of the left extensor
digitorum communis muscle revealed a number of
potential pairs with increased jitter and blocking but
a normal fibre density. At higher innervation rates
there was less impulse blocking. Evoked compound
muscle action potentials to supramaximal stimula-
tion in the three muscles tested in each subject were

of reduced amplitude and failed to attain normal
values despite the prominent facilitation asssociated
with voluntary contraction for 30 seconds (table), or

during 20 Hz electrical stimulation for one second.
The reduction in initial amplitude was more marked
in abductor digiti minimi and extensor digitorum
brevis than in trapezius (table) reduction in initial
amplitude.

Table Compound muscle action potential amplitudes before treatment

Initial compound muscle acton potential Compound muscle acton potential trnplitude after 30 s
amnplitude mV contraction mV (% change)

Trapezius ADM EDB Trapezius ADM EDB

Case 1 2-9 0-6 1.1 3-8 (35) 3-4(467) 1-8(55)
Case 2 0-4 0-4 0-3 1-0 (250) 1-3 (325) 0 3 (0)
Normal values >4-0 >6-0 >2 5

ADM = Abductor difiti minimi
EDB = Extensor digitorum brevis.

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.47.8.806 on 1 A
ugust 1984. D

ow
nloaded from

 

http://jnnp.bmj.com/


Cancer-associated myasthenic (Eaton-Lambert) syndrome

SERIAL ELECTROPHYSIOLOGICAL STUDIES IN
CASE 1
Initial compound muscle action potential ampli-
tude On day 1, when the patient had not received
steroids for 48 hours, the initial compound muscle
action potential amplitudes were lowest in abductor
digiti minimi (10% of normal), and extensor
digitorum brevis (44% of normal), but less abnor-
mal in trapezius (73% of normal). There was a slight
increase in the initial compound muscle action
potential amplitude in the noon and afternoon
studies in the trapezius but little or no diurnal varia-
tion occurred in extensor digitorum brevis and
abductor digiti minimi (fig 1). On day 2, studies
were carried out in the afternoon after an early
morning dose of prednisolone; there was no change
in the initial compound muscle action potential amp-
litude compared with the recordings of the previous
day.
On day 45, 3 weeks after completion of a course

of eight plasma exchanges, and after two cytotoxic
treatments, the initial compound muscle action
potential amplitudes were increased in two muscles.
In the trapezius the amplitude was normal; in the
abductor digiti minimi the amplitude was twice the
pre-treatment value but there was no change in the
extensor digitorum brevis. These changes in initial
compound muscle action potential amplitude
broadly correlated with the clinical observations of a
greater increase in proximal than in distal muscles
during the period of treatment. The slight relapse at
day 150-160 was accompanied by a reduction in
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initial compound muscle action potential amplitude
in abductor digiti minimi but the trapezius remained
normal.
Effect of voluntary activation In all three muscles
there was an increase in compound muscle action
potential amplitude following voluntary contraction
of the tested muscle (fig 1). This was most marked in
abductor digiti minimi, in which the compound mus-
cle action potential increased by more than 450%
(table), compared with 55% change in extensor
digitorum brevis and 35% in trapezius. On day 45,
following plasma exchange and immunosuppressive
therapy the post-contraction compound muscle
action potential amplitude was normal in trapezius
(6 mV) and nearly normal in abductor digiti minimi
(5.2 mV) but the response in extensor digitorum
brevis remained smaller than normal (2-0 mV).
Effects of repetitive nerve stimulation Repetitive
stimulation at 2 Hz (fig 2) elicited an initial decre-
ment in all the recordings. Stimulation at 20 Hz in
the trapezius and abductor digiti minimi muscles
(fig 2) evoked an initial decrement followed by an
incremental response, but in the extensor digitorum
brevis the response was always incremental after the
first stimulus. Although clinical diurnal changes
were noted during day 1, and in relation to steroid
treatment (day 2), there was no change in the
responses to repetitive nerve stimulation at 2 Hz
and 20 Hz. The incremental response to 20 Hz
repetitive stimulation was usually within normal
limits (40%)23 in trapezius and abductor digiti
minimi but was increased in the extensor digitorum

Day 1
1600

0

I

Day 45

.....-.

...--,- --
'

Fig 2 Case 1. Effect of20 repetitive
supramaximal stimulations ofthe ulnar
nerve at 2 Hz and 20 Hz on compound
muscle action potential in abductor digiti
minimi. There was no diurnal variation
during day I (see text) but a markedly
increased and more rapid incremental
response on day 45, after treatment. (area
measurements)
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brevis studies. The compound muscle action poten-
tial amplitude was reduced in recordings in trapezius
and extensor digitorum brevis on day 3, a day on
which steroids were withheld. On day 45 after eight
plasma exchanges during the previous 36 days, and
immunosuppressive treatment, the largest incre-
mental response was recorded.

SERIAL ELECTROPHYSIOLOGICAL STUDIES IN
CASE 2
Initial compound muscle action potential amp-

litude The initial responses on day 1 were very

small (1 mV or less) in all three muscles. By the
22nd day, after completing six plasma exchanges
(begun on the fifth day) and one cytotoxic
chemotherapy treatment, the initial compound mus-
cle action potential response was more than doubled
in abductor digiti minimi, slightly increased in
trapezius, but unchanged in extensor digitorum bre-
vis (fig 3). During this time the patienfts strength
and exercise tolerance were improving.
Effects of contraction In the extensor digitorum
brevis and trapezius there was only minimal increase
in amplitude of the compound muscle action poten-
tial following activation, before and after treatment.
In abductor digiti minimi there was a marked
facilitatory response to activation, which reached a
normal amplitude on day 22, following treatment
(fig 3).

Discuson

Newsom-Davis and others8 have suggested that
the carcinoma-associated and non-carcinoma-

associated forms of the myasthenic syndrome are
autoimmune diseases with different triggering fac-
tors. In HLA studies in five patients with the non-
carcinomatous form they found that all five cases
had the DR3 antigen and four showed the HLA-B8
antigen.8 Both our patients with myasthenic syn-
drome associated with bronchogenic carcinoma had
HLA-B8 antigens and one (Case 1) also had the
DR3 antigen. There is an increased incidence of
organ-specific antibodies, particularly of thyroid and
parietal cell antibodies in non-carcinoma associated
myasthenic syndrome, but not in the carcinoma-
associated form of the disease.24 Myasthenic syn-
drome occurs in only a small proportion of patients
with oat cell carcinoma of the bronchus. Although
Lambert et a12 estimated an incidence of about 6%
in patients with oat cell carcinoma surveys of
unselected patients with oat cell carcinoma suggest
that the incidence is much lower.2526 It thus seems
likely that those patients developing the syndrome
are immunologically susceptible because of their
HLA status, which is similiar to that of patients with
myasthenic syndrome not associated with car-
cinoma. It has been suggested that the latter form of
myasthenic syndrome may involve a response to an
antigen common to cholinergic neurons and oat-cell

7 824carcinoma.
Our two cases of carcinoma-associated myas-

thenic syndrome responded to treatment with
plasma exchange and cytotoxic chemotherapy. In
Case 1 alternate day steroid therapy produced
minimal improvement on the day of treatment with
apparent slight worsening on the steroid-free day,
but this was not reflected by the electrophysiological

ADM
7-
6
5.

E4
a.<3

7.
6

> 5
E
_4-

<3.
u 2-

1-
0

I

IIm~~~~~~~~~~~~~~~~~~~~~

810

.I

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.47.8.806 on 1 A
ugust 1984. D

ow
nloaded from

 

http://jnnp.bmj.com/


Cancer-associated myasthenic (Eaton-Lambert) syndrome

findings (figs 1, 2), although slight reduction in com-
pound muscle action potential amplitude was found
in two muscles on day 3 (fig 1), a day following
steroid treatment. Improvement was evident after
the third plasma exchange in Case 1, six days after
beginning this treatment. This patient was also
treated with cytotoxic chemotherapy, beginning on
day 18, after the fifth plasma exchange. Four treat-
ments were given and in three months his strength
had returned almost to normal, with only minimal
proximal weakness in the legs. In Case 2 the
response to plasma exchange was more marked in
the arms than the legs and was evident four days
after this treatment was commenced, after three
exchanges. Three weeks after beginning plasma
exchange treatment, after six exchanges, strength
was normal in the arms but only slightly improved in
the legs.
The response to plasma exchange in both our

cases of myasthenic syndrome associated with bron-
chogenic carcinoma was similar to that described in
12 previously reported patients with myasthenic
syndrome not associated with carcinoma7 1627 and
two patients with myasthenic syndrome associated
with carcinoma of the lung.78 This result suggests
that treatment of myasthenic syndrome associated
with carcinoma is worthwhile and effective, and that
a similar protocol should be followed in the two
groups. In our Case 1 cytotoxic chemotherapy
seemed to induce a more complete and sustained
remission. An earlier report25 also described
improvement after successful treatment of the car-
cinoma but this has not been generally noted.28
The response to treatment in myasthenic syn-

drome can be monitored by electrophysiological
tests, in particular by the size of the evoked com-
pound muscle action potential, the effect of stimula-
tion at rapid ratesS 29 and the effect of short
periods of voluntary activity.' 24 The size of the
initial response increases during treatment
with guanidine,5 4 aminopyridine," 12 3-4
diaminopyridine (DAP),13 plasma exchange7-'° and
steroid therapy.'4 '5 30 31 Other substances also have
this effect, including calcium gluconate,
edrophonium and decamethonium,5 caffeine32 and
choline.28

In Case 1 the amplitude of the initial compound
muscle action potential in trapezius was normal fol-
lowing treatment but there was less marked
improvement in abductor digiti minimi and extensor
digitorum brevis. Following voluntary activation,
the amplitude of the initial compound muscle action
potential in abductor digiti minimi was normal at
this time (day 45), but in extensor digitorum brevis
the response was still small (fig 1). In both cases
post-contraction facilitation of the compound mus-

cle action potential was most marked in abductor
digiti minimi, than in other muscles (table). The
abductor digiti minimi is thus probably the most use-
ful muscle for electrophysiological tests in myas-
thenic syndrome, and measurement of post-
contraction compound muscle action potential is a
better test than short runs of rapid repetitive nerve
stimulation. Repetitive nerve stimulation for longer
periods improves the diagnostic yield, but is uncom-
fortable. Clinical improvement with plasma
exchange and immunosuppressive therapy was
accompanied by slow improvement in the elec-
trophysiological abnormality suggesting that in
myasthenic syndrome not only is there interference
with the release of acetyl-choline quanta633 but also
that there is structural disorganisation of the pre-
synaptic membrane active zones concerned with
acetylcholine release.34
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