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ABSTRACT

The anaesthetic management of a pre-eclamptic parturient who was treated with high doses
of magnesium sulphate and who developed hypermagnesaemia before delivery by
Cacsarcan Section, is presented. The pharmacology of magnesium, particularly its effects
at the neuromuscular junction, and clinical considerations of magnesium administration are

discussed.
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WE REPORT a case of hypermagnesaemia in a
pre-eclamptic patient presented for Caesarean
Section. The pharmacology of magnesium is
reviewed and the clinical implications of hyper-
magnesaemia in anaesthetic management are
discussed.

CASE REPORT

A 21-year-old primigravida at 27.5 weeks’
gestation was transferred from a community
hospital to the Boston Hospital for Women with
the diagnosis of pre-eclampsia. She had been
well until the day of admission, at which time
she was noted to have a blood pressure of
170/120mm Hg. After admission to the hospi-
tal, she was placed on bed rest and treated with
phenobarbitone. On fundoscopic examination
arteriolar spasm and flat discs were observed. No
exudates were seen. On abdominal examination,
the fundus uteri measured 31 cm. There was 4+
pretibial oedema. Neurological examination re-
vealed deep tendon reflexes 4+ with clonus.
Urinalysis revealed specific gravity of 1.015,
4+ bacteria and 4+ albumin. Ultrasonic exam-
ination showed a foetus of 24 weeks’ gestational
size with hydrops.

Twelve hours after admission, magnesium
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sulphate 4 grams was administered as an intra-
venous bolus. This was followed by further
administration of magnesium sulphate by intra-
venous drip controlled by an infusion pump at a
rate of one gram/hour. Ten hours later, when the
serum magnesium level was 4.0 mmol/l, the
patient was brought to the operating room for
Caesarean Section. Her blood pressure was
150/100 mm Hg. While oxygen was adminis-
tered by face mask, an intravenous infusion of
hydralazine 80 mg in 150 ml of five per cent
dextrose in water was begun and continued until
the blood pressure had fallen to 130/80 mm Hg.
Anaesthesia was then induced with thiopentone
300 mg intravenously and, facilitated by succin-
ylcholine 100 mg intravenously, the trachea was
rapidly intubated. Anaesthesia was maintained
with nitrous oxide and oxygen at flow rates of
3:3Vmin. After delivery of the neonate, mor-
phine sulphate 5mg and diazepam 5mg were
given intravenously, and the flow rates of nitrous
oxide and oxygen were changed to 5:2/min.
Anaesthesia lasted one hour and twenty minutes,
after which the patient showed no efforts at
ventilation. Testing with a peripheral nerve stim-
nlator revealed a faint twitch, but no tetanic
facilitation or twitch fade. The working diagno-
sis was a prolonged depolarizing succinyl-
choline blockade of neuromuscular transmission
secondary to high magnesium levels, rather than
a desensitization (Type 1) block. While ventila-
tion was maintained, it was elected to adopt an
expectant attitude. Plasma cholinesterase was
found to be 85 units (N = 60-120u). Urine
output was 1 ml-kg~'/hr. Three hours later the
patient resumed spontaneous respiration and the
trachea was extubated without difficulty. Her
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post-operative course was uneventful and she
was discharged a week later.

Pharmacology of magnesium

The body content of magnesium in the adult is
0.36g'kg™".! Magnesium is found primarily in
muscle and bone. Magnesium is absorbed from
the gut by the same absorptive pathway as
calcium.? The normal plasma concentration
ranges between 0.75 and 1.25 mmol/l (1.5 and
2.5 mEq/l).

Like calcium, magnesium is intimately in-
volved in the regulation of neuromuscular irrita-
bility and muscle contraction. For the anaesthe-
tist the most important effect of magnesium
involves the release of neurotransmitter at the
neuromuscular junction. Under normal physio-
logical conditions a nerve impulse activates ad-
enylate cyclase which, in turn, produces cyclic
AMP > Cyclic AMP causes calcium channels®™
to open. Calcium ion then enters, attaches itself
to the vesicles that contain the neurotransmitter,
and allows the vesicles to bind t0 releasing
sites.®

Dodge and Rahamimoff® in 1967 found that a
minimum number of calcium ions was necessary
for the acetylcholine vesicles to be released. In
the presence of high concentrations of magne-
sium ions, fewer calcium ions bind to the vesi-
cles. It was suggested that magnesium interferes
with calcium binding in some manner. Colomo
and Rahamimoff'® later found that magnesium
was itself binding to the vesicle, preventing ef-
fective vesicle binding to the release sites. This
ultimately resulted in decreased transmitter re-
lease. One then could have a curareform block
with characteristic end plate potential depres-
sion. Del Castillo and Engbeak!! found that the
addition of curare to a nerve preparation in a
magnesium bath intensified the reduction of end
plate potentials, implying an increased blockade
(Figures 1 & 2). It was further observed that
this prevention of acetylcholine release occurred
particularly in the physiological pH range and
that a small amount of calcium ion was sufficient
to counteract the blockade.

To date the mechanism by which magnesium
ion increases the duration of succinylcholine
blockade has never been fully elucidated. Sev-
eral hypotheses have been advanced. Ghoneim
and Long'? suggest that since magnesium block-
ade at the neuro-muscular junction is partially
the result of depression of the excitability of the
muscle fiber membrane, the action of a depolar-
izing muscle relaxant might well be enhanced.
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Figure 1 Effect of an increasing magnesium
concentration on the amplitude of the e.p.p. in
“magnesium-blocked” preparations. Ordinate: ampli-
tude of the e.p.p. in relative units; the height in
preparations blocked by a solution containing 10 m,
mole/l. magnesium is taken as unit. Vertical lines
drawn through the points (mean values) show the
range of the observations. Abscissa: magnesium
concentrations. Reproduced with permission from:
del Castillo, J. and Engbaek, L. The nature of the
neuromuscular block produced by magnesium. J.
Physiol. [24: 370-384 (1954).

They also postulate that the potentiation of
succinylcholine is not simply additive but the
result of the two drugs acting on separate
receptors. Freeman,'® on the other hand, sug-
gests that succinylcholine, in concert with
magnesium, may act by competing with calcium
at the presynaptic membrane, leading to a
decrease in acetylcholine release. As a third
possibility, one might consider a magnesium-
facilitated emergence of a Phase II block. The
precise cause of Phase II block is unknown, but
depolarization of the end plate region by acetyl-
choline or succinylcholine is not maintained
though the depolarizing drug is still present.'
Phase II block may be associated with a pre-
synaptic site of action of acetylcholine and
succinylcholine as suggested by Galindo.'>-'¢
Feldman and Tyrell'” have proposed that Phase
II block represents a continuous and progressive
binding of the depolarizing drug molecules to the
intact receptor; this provides a significant
degree of receptor occupancy and, therefore,
adds a non-depolarizing component to the neuro-
muscular blockade. Taylor and Nedergaard'®
suggest that the depolarizing agent accumulates
inside the muscle cell and interferes with the
action of acetylcholine. Katz and Thesleff!'4
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Figure 2 Effect of magnesium on the “curare-
e.p.p.” Ordinate: amplitude of the e.p.p. in relative
units. The height of the e.p.p. record in curarized
preparations (soaked in 3 X 1075 d-tubocurarine) is
taken as unit. An increasing amount of Mg ions as
indicated by the abscissa, was then added to the
bathing fluid while keep constant the concentration of
tubocurarine. Points represent mean values obtained
in experiments. Vertical lines show the range. Repro-
duced with permission from: del Castillo, J. and
Engbaek, L.: The nature of the neuromuscular block
produced by magnesium. J. Physiol. 124: 370-384
(1954).

propose that there actually is a conformation
change in the receptor and exgperimemal evi-
dence found by Ray and Ritter'® suggests that a
Phase II block is, indeed, associated with con-
version of the receptors to a desensitized, in-
active form. Crul, et al®® suggest that with
succinylcholine administration a subclinical
Phase II block develops very rapidly, and that
magnesium acts synergistically; the number of
free, unchanged receptor sites susceptible to the
action of succinylcholine decreases, with more
sites becoming inactive, or “succinylcholine-
bound”.

In addition, magnesium and calcium are
necessary for the normal function of myosin
ATP-ase in skeletal muscle contraction,?!
Loeb?? found in 1900 that raising the concentra-
tion of potassium or sodium increased neuro-
muscular excitability, whereas raising the con-
centration of calcium or magnesium depressed
it. The interaction of calcium, magnesium and
ATP-ase in muscles is quite complex and a
precise mechanism has yet to be defined.?

Weber®* suggested that free calcium in a very
low concentration might be needed for an opti-
mal rate of hydrolysis of ATP. She also showed
that actomysin ATP-ase was activated by 1-
2 1M of free magnesium, but that at higher con-
centrations magnesium had an inhibitory effect
unless sufficient free calcium was present.
Yamamoto®® showed that in the presence of high
concentrations of magnesium relative to ATP,
the calcium dependence of the ATP-ase was
independent of magnesium. It appeared, there-
fore, that calcium did not act by first binding
with the ATP substrate but instead activated the
ATP-ase by binding with the enzyme since, if
the active substrate were calcium-ATP, its con-
centration would change when the magnesium
concentration was changed. Thus, the substrate
had to be magnesium-ATP.

Daniel?6 has postulated that when membrane
pores are opened by removal of calcium from
superficial membrane sites by depolarization or
by drugs, both magnesium and calcium enter the
myoplasm. Excess magnesium may compete
with calcium for the activation site of the
ATP-ase, thus opposing activation of contrac-
tion, In addition, the excitability of the muscle
fiber membrane is lowered, resulting in reduced
muscle contraction.?’

Not only does magnesium affect striated
muscle and the neuromuscular junction, but also
cardiac and uterine syncytial muscle. Animal
studies show a progressive depression of the
inherent rhythmicity of the sinoatrial node as
magnesium concentration is increased.?® Pace-
maker cells have an unstable membrane poten-
tial that after each impulse declines to the firing
level. This triggers the next impuise.?® The
pacemaker potential reduction is due to a slow
inward sodium current.3%-3! The speed with
which the membrane potential is reduced to the
firing leve!l determines the rate at which the cells
discharge. Garnier®? and Chessais®* have shown
that magnesium ion interferes with the sodium
flux into the cells. Seifen® and Hashimoto
have demonstrated that magnesium also blocks
the inward flow involved with diastolic depolar-
ization. The end result is a lowered rate of
discharge. The contractility of cardiac muscle is
reduced as wel®® on the basis of a direct
stabilization of the cardiac transmembrane po-
tential.3” By contrast, decreasing plasma mag-
nesium concentration results in cardiac arrhyth-
mias, such as frequent premature ventricular
contractions, ventricular tachycardia and ven-
tricular fibrillation. 3% The uterus demonstrates
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abiphasic response to changes in magnesium ion
concentration. Van Dyke and Hastings*' studied
the response of the isolated guinea pig uterus to
posterior pituitary extracts in different ionic
environments. The absence of magnesium ions
resulted in a decreased response, a 1 mM con-
centration produced an optimal response, and a
concentration of 3mM depressed the uterine
muscle response. Genell*? and Fraser** demon-
strated that the addition of magnesium ions to a
magnesium-free bath increased the biphasic
utering response to whole posterior pituitary
extract, to the oxytocic factor and to the vaso-
pressor factor as well. When the magnesium
concentration was 100-200mg/l, the response
was optimal. A concentration of 500 mg/l
reduced the uterine response. Spasmolytic
action of magnesium was first demonstrated by
Wodon.**** He found that by adding successive
doses of magnesium to an isolated guinea pig
uterus, previously rendered tetanic by posterior
pituitary extract, it became progressively re-
laxed. At a concentration of 4g/l, rhythmic
contractions reappeared. As the concentration of
magnesium was further increased, uterine con-
tractions gradually diminished, and at a concen-
tration of 20 g/l of magnesium, uterine contrac-
tions were entirely inhibited. At the same time,
LaBarre and Wodon*® observed that in the de-
cerebrated cat, magnesium relaxed the pitocin-
induced tetanic contractile state of its uterus.

In 1945 Abarbanel*” showed in humans that
a uterine tetanic contraction due to oxytocin
could be abolished by magnesium. Hutchinson*®
and his co-workers confirmed Abarbanel’s work
and felt that the action of the magnesium on the
human uterus had two components: a direct
cellular component and one that resulted from
general muscle relaxation and vasodilation.

Until 1965 it was generally accepted that
intravenous or intramuscular administration of
high doses of magnesium to humans could cause
anaesthesia. The main evidence for this was the
report by Peck and Meltzer in 1916 of the
successful use of magnesium to central nervous
system tissue blocked central synaptic transmis-
sion with an effect that resembled general
anaesthesia. However, Somjen and co-workers™
in 1966 reported that two subjects in whom mag-
nesium ion concentration reached a level of 7.5
mmol/l experienced neuromuscular paralysis,
but had no decrease in consciousness or pain
perception. Aldrete, et al.>' have stated that the
apparent anaesthesia produced by magnesium
may be explained on the basis of hypoxia and/or

hypercarbia, but not necessarily by a central
action on the brain.

Clinical considerations

Excessive magnesium concentrations are
found in few disease states. Entities such as
myxoedema,>* Addison’s disease,™ and low
output renal failure>*->> may all eventually result
in an elevated magnesium ion levels. Character-
istic symptoms include drowsiness and light
coma when the serum level approaches 4.0
mmol/l (8.0 mEq/l). The electrocardiogram may
demonstrate an increased PR interval and a
broadening of the QRS complex.%8

However, hypermagnesaemia is usually iat-
rogenic in origin, occurring when magnesium
sulphate is used in the management of preg-
nancy-induced hypertension. The compound is
effective in preventing convulsions in parturi-
ents with pre-eclampsia and in stopping them in
eclamptic patients. The precise mechanism is
not known and is the object of controversy.®’
Although many feel®!>® that it is the neuromus-
cular blocking properties which are mainly
responsible, recent evidence gathered by Borges
and Gucer™ indicate that there may be a central
depressant action. They showed in paralyzed
animals that artificially-induced seizure activity
became progressively suppressed as plasma con-
centrations of magnesium were increased.

In pre-eclampsia the therapeutic plasma con-
centration of magnesium is 2.0-3.5 mmol/l
(4.0-7.0 mEg/1).%6 As the level of magnesium
exceeds 2.0 mmol/l deep tendon reflexes dimin-
ish and are absent at 5.0 mmol/l. A moderate
vasodilation is produced in pre-eclamptic pa-
tients with the intravenous administration of mag-
nesium sulphate. Chesley and Tepper® report
that the decrease in blood pressure is temporary.
Other effects of magnesium sulphate include an
increase in uterine blood flow,%! in cerebral
blood flow and in oxygen consumption.%? Ulti-
mately, respiratory paralysis may occur when
still higher concentrations are produced, but
small doses of calcium can counteract this
hazard. Cardiac changes such as complete heart
block may be seen at levels less than 5.0 mmol/1.
Occasionally, an overdose of magnesium can
cause a parathormone deficiency which will
cause hypocalcaemia with central nervous
system irritability and tetany.®

Magnesium therapy for pre-eclampsia may be
instituted as follows. A loading dose of 20 ml of
20 per cent magnesium sulphate (4 grams) is
given intravenously, followed immediately by
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20ml of 50 per cent magnesium sulphate (10
grams) intramuscularly and 10 ml of 50 per cent
magnesium sulphate (5 grams) every four hours
intramuscularly®® thereafter, or 1.0—1.5 gram/
hour intravenously using an infusion pump.
Subsequent doses are withheld, or the infusion is
stopped, if the knee jerk is absent, the respiratory
rate is reduced, and/or the urinary output is less
than 100 ml since the preceding dose. If respira-
tory depression supervenes, 10 ml of 10 per cent
calcium gluconate is given intravenously over
one to three hours by infusion pump, in addition
to standard methods of respiratory support.

Morris and Giesecke demonstrated in 1969%
that half the usual dose of succinylcholine
sufficed to facilitate tracheal intubation during
induction of general anaesthesia for Caesarean
Section in pre-eclamptic patients treated with
magnesium sulphate. The amount of d-tubocur-
arine needed for adequate relaxation was not
altered by the increased serum magnesium level.
Subsequent animal studies®” demonstrated that
magnesium sulphate does, indeed, enhance the
effect of d-tubocurarine. Ghoneim and Long,'?
using phrenic nerve-diaphragm preparations,
also showed that the amount of curare necessary
for neuromuscular block was reduced in the
presence of increased magnesium concentra-
tions.

On the basis of the foregoing, it is advisable to
limit the amount of succinylcholine in patients
on magnesium therapy who receive general
anaesthesia. Tracheal intubation, however, is
accomplished with 1.0mg per kg body weight
not only to overcome variation in patient sensi-
tivity to succinylcholine but also to take ad-
vantage of the complete relaxation afforded by
full dose in order to achieve smooth rapid in-
tubation. Additional succinylcholine should be
given sparingly and then only after neuromuscular
transmission has recovered from effects of the
initial dose. The use of a neuromuscular block-
ade monitor is therefore indicated.
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Les auteurs rapportent un cas d’apnée prolongée aprés administration de succinylcholine,
chez une parturiente en pré-éclampsie et accouchée par césarienne; la patiente avait été
traitée au sulfate de magnésie & doses élevées avant son intervention et présentait une
hypermagnésémie. La pharmacologie du magnésium et, en particulier ses effets au niveau
de 1a fonction neuro-musculaire ainsi que les applications cliniques de 1'administration de

cet agent sont discutés.



