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Review Article 

Anaesthesia and 
myasthenia gravis Anis Baraka MB BCh DA DM MD FCAnaesth (Hon.) 

Myasthenia gravis is an autoimmune disease, resulting from the 

production of  antibodies against the acetylcholine receptors of  
the endplate. These antibodies reduce the number of  active re- 

ceptors, brought about either by functional block of  the 

receptors, by increased rate of  receptor degradation, or by 

complement-mediated lysis. In myasthenic muscles, the miniature 

endplate potential amplitude is decreased, and a large propor- 

tion of  the endplate potentials are subthreshold. Repetitive nerve 

stimulation results in a decremental response. The disease is 

frequently associated with morphological abnormalities of  the 

thymus. In young patients, thymic hyperplasia is common while 

thymoma is more frequent in elderly patients. Medical treatment 

of  myasthenia gravis aims at improving of neuromuscular trans- 

mission by anticholinesterases, suppressing the immune system 
by corticosteroids and immunosuppressents, or by decreasing the 
circulating antibodies by plasmapheresis. Adults with genera- 

lized myasthenia should have a transsternal thymectomy. A bal- 

anced technique of  general anaesthesia which includes the use 

of  muscle relaxants can be safely used, provided neuromuscular 
transmission is monitored. Myasthenic patients are sensitive to 

nondepolarizing relaxants but intermediate-acting nondepolari- 
zing relaxants such as atracurium and vecuronium are elimin- 

ated rapidly, and can be titrated to achieve the required neuro- 
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muscular block that can be completely reversed at the end of  
surgery. Postoperatively, ventilatory support may be required in 
high-risk patients. Also, medical treatment may be maintained, 

tapered or discontinued depending on the outcome of  surgery. 

Thymectomy benefits nearly 96% of  patients, 46% develop com- 

plete remission and 50% are asymptomatic or improve on 

therapy. 

La myasth~nie grave est une maladie auto-immune rdsultant de 

la production d' anticorps contre les rdcepteurs d' ac~tylcholine 

sur la plaque motrice. Ces anticorps rdduisent le nombre de r~- 

cepteurs actifs, soit par un bloc fonctionnel des r~cepteurs, par 

une augmentation de la vitesse de d~gradation du r~cepteur ou 

par une lyse provoqude par les compl~ments. Avec les muscles 
myasthdniques, l 'amplitude du potentiel miniature de la plaque 
motrice est diminu~e et une grande proportion des potentiels est 

sous le seuil d'excitation, line stimulation nerveuse r~pdtitive 

produit une r~ponse qui diminue graduellement. La maladie est 
associde fr~quemment ~ des anomalies morphologiques du thy- 

mus. L'hyperplasie du thymus est commune chez les jeunes pa- 

tients, alors que le thymome est plus frdquent chez les patients 

plus dgds. Le traitement m~dical de la myasthdnie grave vise 
l'am~lioration de la transmission neuromusculaire ?t l'aide 
d' anticholinestdrasiques, la suppression du syst~me immunitaire 

l'aide de corticostdro'ldes et d'immunosuppresseurs, ou la 

diminution des anticorps circulant fi l' aide de la plasmaphdr~se. 
Les adultes qui pr~sentent une myasthdnie gdndralisde devraient 
subir une thymectomie trans-sternale, llne technique balancde 
d'anesth~sie gdn~rale peut ~tre utilisde avec sdcurit~, incluant 

l'utilisation des myor~solutifs, en autant que la transmission 
neuromusculaire est monitor~e. Les patients myasth~niques sont 

sensibles aux myor~solutifs non-d~polarisants, mais les r~laxants 
?t action interm~diaire tel que l" atracurium et le v~curonium sont 

~limin~s rapidement et peuvent ~tre doses pour obtenir un bloc 
neuromusculaire addquat et compl~tement rdversible ~ latin de 

la chirurgie. Un support ventilatoire peut ~tre requis dans la 

pdriode post-opdratoire chez les patients ~ haut risque. Le traite- 
ment m~dical peut ~tre maintenu, diminu~ ou cess~ scion l'issue 
de la chirurgie. PrOs de 96% des patients bdn~ficient de la 
thymectomie, 46% ddveloppent une r~mission complete et 50% 
sont asymptomatiques ou s ' am~liorent avec le traitement. 
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The incidence of myasthenia gravis (MG) is about one in 
every 20,000 adults. The hallmark of the disease is 
weakness and rapid fatigability of voluntary skeletal 
muscles with repetitive use, followed by partial recovery 
with rest.I 

P a t h o p h y s i o l o g y  

Myasthenia gravis (MG) is the prototype of antibody- 
mediated autoimmune disease. It may be associated with 
other disorders of autoimmune origin such as thyroid 
hypofunction, rheumatoid arthritis, and systemic lupus 
erythematosus. Myasthenia gravis results from the produc- 
tion of autoantibodies against the acetylcholine receptor 
(AChR) of the neuromuscular synapseJ -3 However, it is 
not yet known what triggers the autoimmune response or 
what permits it to be sustained. An immunoregulatory 
defect has been postulated, 4 and there is evidence of 
genetic predisposition. 5 Using the most sensitive assays, 
AChR antibodies are detected in the sera of 85-90% of 
myasthenic patients. 3 The great majority of AChR anti- 
bodies belong to the IgG class. Antibody-negative patients 
are those with mild or localized myasthenia, and may 
represent merely one end of the spectrum of myasthenia 

2 gravis. The available evidence suggests both that individ- 

TABLE I Thymic morphology of eleven myasthenic patients who 
underwent thymectomy 

Age (yr) Sex Thymus morphology 

15 F Hyperplasia 
18 F Hyperplasia 
20 F Hyperplasia 
32 M Thymoma 
36 F Normal 
37 M Thymoma 
48 M Malignant thymoma 
56 M Malignant thymoma 
57 M Normal 
73 M Malignant thymoma 

ual myasthenic patients have heterogenous populations of 
AChR antibodies, and that there is only limited sharing of 
idiotypes between patients.2 Most of the antibodies bind to 
the main immunogenic region of the alpha subunit of the 
endplate receptors. 2 Thus, MG is largely a post-junctional 
disorder characterized by reduction of functional AChR. 

I m m u n o l o g i c a l  b a c k g r o u n d  

The thymus and its cellular products, the T cells, are 
involved in many aspects of autoimmune diseases. It could 
represent an unique site of autosensitization against AChR 
antigenic determinants and myoid cells bearing AChR are 
present in the normal thymus. 6 In myasthenia gravis, 7 one 
may assume that T cells become sensitized against the 
myoid AChR when they are present in the thymus at a cri- 
tical stage of maturation. The immunoregulatory T cells 
play a key role in the pathogenesis of MG. The macro- 
phage-associated AChR interacts with ACh-R helper T 
cells, which proliferate and produce factors that promote 
anti-AChR antibody production by B cells. 

According to the network theory, antiidiotypic anti- 
bodies can initiate or modify the immune response. Anti- 
idiotypes to AChR antibodies have been reported in MG. 2 
However, their role in the initiation and perpetuation of 
MG remains to be proven. Several arguments suggest the 
existence of a close relationship between MG and thymus 
function. 8 The disease is frequently associated with mor- 
phological abnormalities of the thymus gland (hyperplasia 
or thymoma), and thymectomy has been reported to im- 
prove the symptoms of the disease. Fifteen to 20% of 
patients with MG have thymomas. Thymomas are more 
likely in patients older than thirty years of age, whereas 
thymic hyperplasia frequently occurs in younger patients. 8 
Table I shows the different thymic morphology which was 
observed in 11 myasthenic patients operated upon in our 
hospital. All patients <30 yr were women having thymic 
hyperplasia. In contrast, patients >30 yr were predomi- 
nantly males with the frequent occurence of benign or 
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malignant (locally invasive) thymomas. Only two of the 
patients had normal thymic morphology. 

Neuromuscular junction 
Under normal conditions, only 25-30% of the endplate 
receptors are required to maintain neuromuscular trans- 
mission. The remaining 70-75% of the receptor pool 
constitutes a "safety margin. ''9 In MG, there is a decrease 
in the number of functional AChR available, with a 
subsequent decrease of the "safety margin." Reduction in 
the number of active receptors at the endplate is brought 
about either by functional block, by an increased rate of 
receptor degradation, or by complement-mediated lysis of 
the postsynaptic membrane. 2 

Further support for the concept of postsynaptic abnor- 
mality in myasthenia gravis comes from electron micro- 
scopic studies of neuromuscular junctions of myasthenic 
muscles. The postsynaptic membrane shows sparse, shal- 
low folds with markedly simplified geometric patterns.l~ l 

Recently, it has been reported that the AChRs at nor- 
mally innervated neuromuscular junctions are composed 
of two subpopulations with strikingly different rates of 
turnover. 12 The majority of junctional AChRs are stable 
with a half-life of over 12 days. The remainder, estimated 
to be about 20% of the total, are rapidly turned over 
(RTOs), with a half-life of approximately one day. It has 
been postulated that the RTOs may be the precursors of 
the stable AChRs. In MG, the ACh R antibodies may 
decrease the number of receptors, not only as a direct 
action on the stable receptors but also by depletion of the 
RTOs. ~~ When the AChR antibodies are removed by 
plasmapheresis, rapid resysthesis of RTOs may account 
for the speedy clinical recovery. 

It is tempting to speculate that the fatigue and the decre- 
mental response observed in the myasthenic patient are not 
only due to a decrease of the functional postjunctional 
AChR, but also may be secondary to dysfunction of the 
presynaptic autofacilitation cholinergic receptors. 13'14 In 
MG, autoantibodies may decrease the presynaptic nicotinic 
autofacilitation leading to a preferential decline of the 
neuromuscular response evoked at high stimulation rate, 
with less reduction of response at normal rates of stimula- 
tion. However, the morphological and electrophysiological 
studies indicate that the neuromuscular defect of myas- 
thenia gravis is postsynaptic. 10.1 ~,~5,16 

Electrophysiological studies ~5'~6 
Early single microelectrode studies indicated that the 
miniature endplate potential (MEPP) frequency is normal 
but the MEPP amplitude is reduced in myasthenia gravis, 
suggesting that the neuromuscular transmission defect is 
due to reduction in the postsynaptic response. The pre- 

synaptic synthesis, packaging and release of ACh are 
normal. 

In MG, a large proportion of the EPPs are subthreshold, 
i.e., do not trigger an action potential, while the remainder 
are barely threshold. Repetitive nerve stimuli evoke suc- 
cessively smaller muscle action potentials indicating an 
increasing block of neuromuscular transmission. 

The most commonly used electrodiagnostic test of 
neuromuscular transmission is repetitive stimulation of a 
motor nerve while recording compound muscle action 
potentials (CMAPs) from an appropriate muscle. In MG, 
nerve conduction velocity measurements are normal. The 
amplitude of the initial CMAP is normal, though the 
average value of this measurement is less than the normal 
average. Repetitive stimulation at frequencies between one 
and five per second results in a decremental response. The 
decrement usually increases with increasing stimulation 
rate. The tested muscle must be warmed and the decrement 
must be measured after exhaustion to obtain the maximum 
diagnostic yield. 

Clinical presentations of MG 17 

Transient neonatal myasthenia 
Fifteen to 20% of neonates born to myasthenic mothers 
have transient myasthenia. Pregnancy may produce either 
exacerbation or remission of the disease. There seems to 
be no correlation between the occurrence of neonatal 
myasthenia and the severity or duration of the mother's 
myasthenia. Signs are usually present at birth,18 but occas- 
sionally may be delayed for 12-48 hr. Commonly associ- 
ated features include difficulty in sucking and swallowing, 
difficulty with breathing, ptosis and facial weakness. 

The most likely explanation of neonatal myasthenia is 
the passage of AChRA across the placenta, but no correla- 
tion has been found between the presence or degree of 
neonatal myasthenia and the concentration of the anti- 
bodies in the infant's serum. 

The condition has a tendency to spontaneous remission, 
usually within two to four weeks, and once therapy has 
been tapered and stopped there is no risk of relapse. In 
severely affected infants, treatment should be commenced 
immediately by oral neostigmine, 1-5 mg, depending on 
the severity of response. 

Congenital or infantile myasthenia 
The congenital myasthenias comprise a number of geneti- 
cally determined diseases showing variable muscle 
weakness from birth. One of these syndromes is referred 
to as "congenital endplate acetylcholine-receptor-defi- 
ciency. ''19 A structural malformation of the postsynaptic 
membrane, with almost complete absence of functional 
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TABLE II Summary of the different clinical presentations of myasthenia gravis 
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Neonatal 
myasthenia 

Congenital 
myasthenia 

Juvenile 
myasthenia 

Adult 
myasthenia 

Elderly 
myasthenia 

Aetiology Onset Sex Thymus Course 

Passage of antibodies from Neonatal Both sexes Normal Transient 
myasthenic mothers across 
the placenta 

Congenital endplate pathology 0-2 yr Male>female Normal Non-fluctuating, 
genetic, autosomal recessive compatible with long 
pattern of inheritance survival 

Auto-immune disorder 2-20 yr Female>males Hyperplasia Slowly progressive, 
(4:1) tendency to relapse and 

remission 

Auto-immune disorder 20-40 yr Female>males Hyperplasia> Maximum severity within 
thymoma 3-5 yr 

Auto-immune disorder >40 yr Males>females Thymoma Rapid progress, 
(benign or locally higher mortality 
invasive) 

folds, may lack the fine structural specialization with a 
consequent reduction in ACh receptor insertion sites. 

Congenital myasthenia presenting in infants of non- 
myasthenic mothers is rare. More commonly, the onset of 
symptoms is after the neonatal period within the first one 
to two years of life. The course tends to be non-fluctuat- 
ing, compatable with long survival and little need for 
medication. Congenital myasthenia may occur in siblings, 
suggesting an autosomal recessive pattern of inheritance. 
The condition is not autoimmune in nature, and hence 
therapy primarily depends on anticholinesterase therapy. 

Juvenile myasthenia 
About four percent of all cases of myasthenia have onset 
of symptoms before the age of ten and about 24% before 
the age of 20. There is a marked preponderance of female 
cases (c. 4:1). In contrast to the infantile form, genetic 
factors appear to play a relatively small role in the juvenile 
cases and, like adult MG, autoimmune mechanisms play 
a role in the pathogenesis. The distinction of juvenile MG 
may be artificial; these cases undoubtedly merge with the 
adult variety. However, thymoma is not a feature of the 
juvenile cases. The course tends to be slowly progressive 
with marked fluctuation and tendency to relapse and 
remissions. 

Adult MG 
The incidence is about 1 in every 20,000 adults. There is 
a preponderance of women, 2:1 in patients <50 yr, but >50 
yr it is equally distributed between the sexes. Hyperplasia 
of the thymus gland is present in over 70% of patients, and 
10-15% have thymomas. Thymic hyperplasia is more 
frequent in young patients, while thymoma is more 
frequent in elderly patients. Male patients tend to have 
more rapid progress of the disease, higher mortality, and 

lower rates of remission and improvement than women. 
The clinical course of MG is marked by periods of 

exacerbations and remissions. The extraocular muscles are 
involved at some time in the course of the disease in 
almost every patient during the first year. However, in 
three-quarters of patients whose initial symptom is ptosis 
or diplopia, the disease becomes clinically generalized 
within the first one to three years when the severity of the 
disease reaches or approaches a maximum for each 
patient. Weakness of pharyngeal and laryngeal muscles 
(bulbar muscles) results in dysphagia, dysarthria and 
difficulty in eleminating oral reaction. Arm, leg, or truncal 
weakness can occur in any combination and is usually 
asymetrical in distribution. After the disease reaches its 
maximum severity, most patients who survive continue 
with a chronic form of the disease with fewer and less 
severe episodes of exacerbation. Table II summarizes the 
different clinical presentations of myasthenia gravis. 

Myasthenic syndrome 

Lambert-Eaton myasthenic syndrome (LES) 20-22 

Lambert-Eaton syndrome is an acquired disorder of the 
motor nerve terminal in which quantad release of ACh is 
reduced. Typically the patient is a 50- to 70-yr-old man 
who complains of weakness of the limb-girdle muscles 
which may be erroneously confused with MG. It frequent- 
ly occurs in association with cancer, especially small-cell 
carcinoma of the lung. 

There is some evidence for an autoimmune basis to 
LES. It has been suggested that pathogenic IgG antibodies 
cross-react with the pre-synaptic voltage-dependent 
calcium channels which are essential for the quantal 
release of ACh. In the myasthenic syndrome, MEPP 
frequency is decreased. The ACh content and acetyltrans- 
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ferase activity in diseased nerve endings are normal, 
suggesting that the synthesis and packaging of ACh are 
normal and that the defect is an abnormality in vesicular 
release. The decreased quantal release of ACh will mani- 
fest as a neuromuscular disorder. Also, dysautonomia can 
occur secondary to impaired ACh release at cholinergic 
autonomic sites, and manifest by dry mouth, impaired 
accommodation, urinary hesitance and constipation. 

A classical electromyographic finding in LES is the 
incremental response. In contrast to MG, exercise or 
tetanic stimulation improves rather than reduces muscle 
strength. Clinically, the patient usually has a marked EMG 
defect in the face of relatively good muscle strength, while 
the MG patient usually has a modest abnormality of the 
EMG in the face of marked muscular fatigability and 
weakness. Also, the skeletal muscle weakness of LES is 
not reliably reversed with anticholinesterase, while 3,4- 
diaminopyridine has been shown to cause an increase of 
transmitter release and can effectively antagonize the 
neuromuscular and autonomic nervous system disorders. 

In contrast to MG patients who are sensitive to nonde- 
polarizing muscle relaxants and resistant to depolarizing 
relaxants, patients suffering from LES are sensitive to both 
depolarizing and nondepolarizing relaxants. The syndrome 
should be considered in those patients undergoing diagnos- 
tic procedures such as bronchoscopy, mediastinoscopy, or 
thoracotomy for the suspected diagnosis of carcinoma of 
the lung. 

Classification of myasthenia gravis 
Myasthenia gravis may be classified on the basis of the 
skeletal muscles involved and the severity of the symp- 
toms. The various stages of the disease have been clas- 
sified by Ossermann and Genkins (1971): 23 

I Ocular signs and symptoms only 
IIA Generalized mild muscle weakness 
liB Generalized moderate weakness, and/or bulbar 

dysfunction 
III Acute fulminating presentation, and/or respiratory 

dysfunction 
IV Late severe generalized myasthenia gravis 

Type I is limited to involvement of the extraocular 
muscles. Type IIA is a slowly progressive and mild form 
of skeletal muscle weakness, which spares the muscles of 
respiration. Type liB is a more severe and rapidly pro- 
gressive form of skeletal muscle weakness. Type III is 
characterized by an acute onset and rapid deterioration that 
is associated with a high mortality. Type IV is a severe 
form that results from progression of Type I and II. 

Course of myasthenia gravis 24 
The distribution, severity, and outcome of the disease are 
determined during the first one to three years after the 

onset, suggesting that injury to ACh receptors occurs 
mainly during this time. In 14%, the disease remains 
clinically localized to extraocular muscles and in the 
remaining 86% becomes generalized. It is likely that the 
final severity of muscle weakness is influenced by: 2 
(a) The safety margin of neuromuscular transmission. 
(b) The ability of the muscle to compensate for the 

receptor deficit by rapid resynthesis of AChRs. 
(c) Differences in the AChR molecule in different 

muscles, and perhaps in different patients. 

Medical treatment 
Current medical treatment of myasthenia gravis is aimed 
at (1) enhancing neuromuscular transmission by antichol- 
inesterases, (2) suppressing the immune system by corti- 
costeroids and azathioprine, (3) decreasing the circulating 
antibody level by plasmapheresis. 2s However, there are 
differences in opinion about the selection, sequence and 
timing of these options. 

Cholinesterase Inhibitors (ChEI) such as neostigmine and 
pyridostigmine were the mainstay of therapy for MG since 
1934 until ten years ago. Because ChEI represent only 
symptomatic therapy, they are of little aid in most cases of 
severe, or progressive MG, particularly if there is oro- 
pharyngeal or respiratory muscle involvement. Also, 
evidence in experimental animals indicates that the long- 
term administration of anticholinesterases results in 
changes in the configuration of the AChR similar to those 
seen in patients with MG. 26 ChEI are indicated in mild or 
localized MG. Treatment schedules are individualized on 
a sliding daily schedule with maximum patient participa- 
tion. Patients' understanding of the pharmacokinetic 
behaviour of the drug used is important, with detailed 
description of underdose (myasthenic) and overdose 
(cholinergic) states. 27 

Plasma Exchange (Plasmapheresis) 28-3~ will lead to 
marked improvement of remission in 45% of cases. 
Myasthenia gravis patients with circulating antiacetyl- 
choline receptor antibodies usually show a dramatic 
decrease in the levels of these antibodies following the 
first few treatments. Improvement usually begins between 
the first and the fourth exchange (with a regimen of three 
exchanges weekly). A "course" of plasmapheresis usually 
lasts from one to two weeks and involves the performance 
of four to eight individual exchanges. Exchange volumes 
range from one to four litres and replacement fluids 
commonly used are albumin, plasma protein fraction and 
saline. Fresh frozen plasma is not often used because of 
hypersensitivity reactions and transmission of hepatitis and 
HIV virus. However, improvement lasts for only four days 
to 12 weeks. Plasmapheresis may be used on an urgent 
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basis in a myasthenic crisis with respiratory embarrass- 
ment. Also, it may be used together with or after cortico- 
steroids of other immunosuppressants. Recent reports 
show that plasmapheresis may be used alone as a prepara- 
tion to thymectomy. 3~'32 

Corticosteroids 33 such as prednisone will lead to marked 
improvement or remission in about 80% of cases, with 
improvement begining between 12 hr to 30 days. Im- 
provement may be maintained with decreasing dosage or 
discontinuation of therapy. 

Immunosuppressive drugs 34 such as azathioprine produce 
some degree of improvement in 45 % of patients. Excellent 
results will be seen in type II, rapidly progressive MG, in 
old people, or in the thymoma-associated MG. Improve- 
ment begins at between three to twelve months, and is only 
maintained when the drug therapy is maintained. About 
one third of patients with type II MG proceed to a com- 
plete but azathioprine-dependent remission, and the 
remaining two thirds to a marked improvement. In type I 
MG, azathioprine is less effective but will help reduce the 
need for corticosteroids or plasmapheresis. Cyclosporin A 
is more selective and requires less time to act than azathio- 
prine. It suppresses the activation and proliferation of T- 
helper lymphocytes. However, because of its adverse 
reactions including nephrotoxicity and hepatic dysfunc- 
tion, cyclosporin A is only used in patients with severe 
MG whenever azathioprine is not effective or results in 
idiosyncratic reactions. 32 

Corticosteroids or plasmapheresis are preferable to 
immunosuppressive drugs when one considers the rapid 
improvement. This is particularly the case in acute severe 
MG with respiratory failure. In less acute cases, azathio- 
prine is advantageous. 

Experimental strategies of therapy 
New experimental strategies have been designed for the 
management of myasthenia (Table III) and are being tested 
in animals with experimental autoimmune myasthenia 
gravis. 

Thymectomy 
There is a consensus that all adults with generalized MG 
should have a thymectomy. 31'32'35'a6 This has been propa- 
gated by evidence of the safety of the procedure and 
excellent outcome. Thymectomy is the preferred form of 
treatment of MG with generalized weakness, particularly 
for patients <55 yr. However, age is no contraindication 
for thymectomy, and older patients >50 yr can benefit 
from surgery. 37 There is also unanimity about excision of 
thymomas, although remission of m);asthenia is less 
frequent than in patients without tumour. Thymectomy 

TABLE III Experimental strategies in myasthenia gravis 
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1 Inhibit endocytosis of AChRs 
2 "Hot antigen suicide" of AChR-specific B cells 
3 Novel immunosuppressive agents 

(a) cyclosporin A 
(b) total lymphoid irradiation 

4 Induction of tolerance 
5 Anti-idiotypic approaches: 

(a) antibodies 
(b) T-cell "vaccination" 

6 Suppressor cells for AChR 
7 Knowledge of AChR molecular structure 

may be less indicated in children because of unsubstanti- 
ated fears that early thymectomy might lead to immuno- 
deficiency. However, there is no evidence of adverse 
effects and there have been many reports of improvement 
in children. 38 The operation is usually recommended for 
patients with ocular myasthenia. As the operation becomes 
safer, clinicians refer patients with milder symptoms, 
which may be partly responsible for the improved out- 
come. 

Removal of as much thymic tissue as possible (anterior 
mediastinal exenteration) via transsternal approach is the 
logical goal of thymectomy in the treatment of myasthenia 
gravis; 36 even small remnants of thymic tissue seem to 
affect outcome adversely. Complete thymectomy cannot 
be achieved by the trans-cervical approach. J6 

Anaesthetic management 
The anaesthetic management of the myasthenic patient 
must be individualized to the severity of the disease and 
the type of surgery. The use of regional or local anaes- 
thesia seems warranted whenever possible. Whenever 
local or regional anaesthesia is used, the dose of the local 
anaesthetic may be reduced in patients to decrease the 
possible effects of anaesthetics on neuromuscular trans- 
mission. This may be particularly important when ester 
local anaesthetics are administered to patients receiving 
anticholinesterase therapy. General anaesthesia can be 
performed safely, provided the patient is optimally pre- 
pared and neuromuscular transmission is adequately moni- 
tored during and after surgery. 39-41 

Preoperative preparation 
Adequate preoperative evaluation of the myasthenic 
patient must be carded out carefully. Age, sex, onset and 
duration of the disease as well as the presence of thymoma 
may determine the response to thymectomy. Also, the 
severity of myasthenia and the involvement of bulbar or 
respiratory muscles must be evaluated. Preoperative 
respiratory function tests must be performed since chronic 
respiratory disease and/or a preoperative vital capacity 
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TABLE IV Algorithm for preoperative preparation of a myasthenic 
patient scheduled for thymectomy 

PYRIDOSTIGMINE 

I 

Good response Poor response 
I 

Young (.:15 yr) Older 

Steroids (-3 Mo.) Steroids + AZATHIOPRINE 

Not improved Improved 
Improved ~ 

Taper Cont. steriods Taper steroids 
1 (+ Plasmapheresis I 

,t 
I THYMECTOMY I 

<2.9 L are two of the predictive criteria for postoperative 
respiratory support. 

Optimization of the condition of the myasthenic patients 
can markedly decrease the risk of surgery and improve the 
outcome. 32 Many regimens have been recommended for 
preoperative treatment. Table IV depicts one of these 
regimens which may be used for preoperative preparations 
of the myasthenic patient scheduled for thymectomy, a2 

It is controversial whether anticholinesterase therapy 
should be maintained or discontinued before and after 
surgery, n~ Anticholinesterases potentiate the vagal re- 
sponses and hence adequate atropinization must be 
ensured. Also, anticholinesterases can inhibit plasma 
cholinesterase activity with a subsequent decrease in the 
metabolism of ester local anaesthetics, and the hydrolysis 
of succinylcholine will be decreased. As in nonmyasthenic 
patients, the duration of succinylcholine block in 
myasthenic patients is inversely related to the plasma 
cholinesterase activity. In contrast with succinylcholine, 
the inhibition of acetylcholinesterase by anticho- 
linesterases may increase the need for nondepolarizing 
muscle relaxants in the myasthenic patient, although this 
has not been documented. 

Recently, p!asmapheresis alone without immuno- 
suppression has been used to optimize the medical status 
of the myasthenic patient prior to surgery. Anticholin- 
esterase agents are discontinued, while corticosteroid 
medications are maintained to be tapered and discontinued 
postoperativelty.3 

Premedication 
Myasthenic patients may have little respiratory reserve, 
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FIGURE 1 Succinylcholine dose-response curves in normal and 
myasthenic patients (Reproduced, with permission from Eisenkraft et 
al. Resistance to succinylcholine in myasthenia gravis: a dose- 
response study. Anesthesiology 1988: 69: 670-3.) 

and hence depressant drugs for preoperative premedica- 
tion should be used with caution, and avoided in patients 
with bulbar symptoms. We usually premedicate myasthe- 
nic patients with atropine 0.6 mg im, and only use diaze- 
pam, 5 mg po, for sedation. It is advisable to inform 
patients that postoperative tracheal intubation and respira- 
tory support may be required. 

Anaesthetic techniques 
Two techniques have been recommended for general 
anaesthesia in the myasthenic patient. Because of the 
unpredictable response to succinylcholine and the marked 
sensitivity to nondepolarizing muscle relaxants, some 
anaesthetists avoid muscle relaxants and depend on deep 
inhalational anaesthesia, such as halothane, for tracheal 
intubation and maintenance of anaesthesia. 42'43 However, 
others utilize a balanced technique which includes the use 
of muscle relaxants, without the need for deep inhalational 
anaesthesia with its concomitant respiratory and cardio- 
vascular side effects. 

Response to muscle relaxants 
Adequate understanding of the response of the myasthenic 
patient to both depolarizing and nondepolarizing relaxants 
is necessary for their safe administration. In MG, there is 
a decrease in the number of functional AChRs available, 
with a subsequent decrease of the "safety margin" which 
is why the myasthenic patient may demonstrate an abnor- 
mal neuromuscular response to both depolarizing and 
nondepolarizing muscle relaxants.44 The decrease of func- 
tional endplate receptors in MG can decrease the response 
to the chemical transmitter, as well as to other depolarizing 
agents such as decamethonium and succinylcholine. In 
contrast, the decreased "safety margin" results in a marked 
sensitivity to nondepolarizing relaxants. 

The abnormal response of the myasthenic patients to 
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FIGURE 2 Electromyographic response to ulnar nerve stimulation 
by a train-of-four every 20 sec, showing the effect of suecinylcholine 
1.5 mg. kg -] in three myasthenic patients with different plasma 
cholinesterase activity. Upper tracing: plasma cholinesterase 5.16 
U" ml -j. Middle tracing: plasma cholinesterase 1.45 U.  ml -l. Lower 
tracing: plasma eholinesterase 0.73 U" ml -t. (Reproduced, with per- 
mission, from Baraka A. Suxamethonium block in the myasthenic 
patient - correlation with plasma cholinesterase. Anaesthesia 1992:47 
in press.) 

muscle relaxants is encountered even in patients with 
localized ocular myasthenia 4s and during remission 46 who 
may have circulating antibodies and decreased receptor 
population sufficient to maintain neuromuscular trans- 
mission, but without the normal "safety margin" provided 
by an excess of receptor sites. 

Because of the decreased number of AChR and/or their 
functional blockade by AChR antibodies, succinylcholine 
may not effectively depolarize the endplate resulting in 
"resistance." The EDso and ED95 in myasthenic patients is 
2.0 and 2.6 times normal, respectively (Figure 1).47 Thus, 
high doses of succinylcholine may be required for rapid 
sequence tracheal intubation in a patient with MG. The 
endplate potential may not reach the threshold required for 
inducing depolarizing "phase I" block, and hence succinyl- 
choline may readily induce phase II block. 4~ Also, it is 
possible that the phase II block seen in some cases is due 
to the decreased plasma cholinesterase activity induced by 
the preoperative anticholinesterase administration. Anti- 
cholinesterase can decrease the plasma cholinesterase 
activity, as with a subsequent delayed hydrolysis of suc- 
cinylcholine and potentiation of neuromuscular block. 49 
Recently, we have shown an inverse relationship between 
the duration of succinylcholine block in the myasthenic 
patient and plasma cholinesterase activity (Figure 2). 50 

The reduction of the number of ACh receptors at the 
neuromuscular junction, and the consequent reduction of 
the "safety margin ''s! makes myasthenic patients extreme- 
ly sensitive to nondepolarizing muscle relaxants. There is 
a large spectrum in the severity of the disease in patients 
with myasthenia gravis, and thus muscle relaxant require- 
ments are also extremely variable. One tenth of the normal 
paralysing dose may be sufficient to paralyse a patient 

FIGURE 3 Dose-response relationship for atracurium in patients 
with myasthenia gravis versus normal individuals. (Reproduced, with 
permission, from Smith CE, Donati F, Bevan DR. Cumulative dose- 
response curve for atracurium in patients with myasthenia gravis. Can 
J Anaesth 1989; 36: 402-6). 

FIGURE 4 Mean log dose-logit response curves for vecuronium in 
myasthenic versus control normal patients. (Reproduced, with per- 
mission, from Eisenkraft JB, Book W J, Papatestas AE. Sensitivity to 
vecuronium in myasthenia gravis: a dose-response study. Can J 
Anaesth 1990; 37: 301--6.) 

with MG which is why many anaesthetists avoid the ad- 
ministration of nondepolarizing relaxants. However, this 
policy may not apply to intermediate-acting relaxants such 
as atracurium and vecuronium. Both atracurium s2.s3 and 
vecuronium s4-57 are rapidly eliminated, and their dose can 
be titrated to achieve the required neuromuscular blockade 
that can be completely reversed at the termination of the 
surgical procedure. Figures 3 and 4 depict the mean dose- 
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response curve of atracurium and vecuronium in the 
myasthenic versus the normal patients. 

Monitoring o f  neuromuscular transmission 

Neuromuscular transmission must be monitored carefully 
during surgery by peripheral nerve stimulation to titrate 
the necessary dose of muscle relaxants, and to ensure 
complete reversal of neuromuscular block at the termina- 
tion of surgery. 52-57 Monitoring should be continued 
postoperatively for early detection of neuromuscular 
dysfunction. 

Postoperative management 

Ventilatory function must be monitored carefully after 
surgery. Despite the enormous number of studies in the 
literature, few correlate tests of neuromuscular function 
with adequate ventilation. It has been shown recently in 
normal patients that many of the recommended tests such 
as maintained response to tetanic stimulation of a periph- 
eral nerve can return to normal, while the pharyngeal and 
neck muscles necessary to protect the airway can still be 
partially paralysed. 58 The different response of peripheral 
versus bulbar muscles may be more evident in myasthenic 
patients, particularly those suffering from bulbar and/or 
respiratory muscle weakness. It is essential that sustained 
respiratory muscle strength be confirmed before extuba- 
tion of the trachea and resumption of spontaneous ventila- 
tion. Patients should be considered partially paralysed until 
they wake up and can lift their head for five seconds. An 
inspiratory force exceeding - 2 5  cm H20 may be used as 
a criterium of adequate respiratory function. 

Myasthenic patients may be at increased risk of devel- 
oping postoperative respiratory failure. Several authors 
have proposed criteria for predicting which patients will 
require prolonged postoperative mechanical ventilation. 
Following transsternal thymectom~,, up to 50% of patients 
require prolonged postoperative ventilation. 

Four risk factors have been identified: 
1 Duration of myasthenia gravis for longer than six years 

(12 points). Duration of MG proved to have the greatest 
value in predicting the need for ventilatory support. 

2 A history of chronic respiratory disease other than respi- 
ratory dysfunction directly due to MG (10 points). 

3 A dose of pyridostigmine greater than 750 mg per day, 
48 hr before operation (8 points). 

4 A preoperative vital capacity < 2.9 L (4 points). 
These risk factors were weighted according to their 

significance as predictors; a total score of ~> ten points 
identified those patients likely to need postoperative 
pulmonary ventilation for more than three hours. 

Following transcervical thymectomy, only 7.4% of 
patients required prolonged (> three hours) postoperative 
ventilation. Positive predictors of prolonged ventilation 

are: clinical classification of MG (Ossermann classes 3 
and 4), a previous history of respiratory failure due to MG, 
and associated steroid therapy. 6~ However, transcervical 
thymectomy is not as effective as transsternal thymectomy 
by the criteria of incidence and degree of remission. 36 

Outcome 
Thymectomy benefits nearly 96% of patients regardless of 
preoperative characteristics: 46% develop complete 
remission, 50% are asymptomatic or improve on therapy, 
and 4% remain the same. 36 However, thymectomy does 
not always induce a decrease in anti-AChR antibody titer, 
and when it does, the antibody titer decrease is slow, 
occurring after the catabolism of the already present 
antibodies. Also, the anti-AChR autosensitized T cells 
survive long after thymectomy. 8 These reservations do not 
question the role of the thymus in the pathogenesis of MG 
or the value of thymectomy. 

Following thymectomy, different therapeutic regimens 
have been recommended depending on the outcome of 
surgery. Most early-onset myasthenics can be treated 
effectively with thymectomy alone, while late-onset 
myasthenia as well as myasthenia associated with 
thymoma needs additional postoperative immunosuppres- 
sion. 61 
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