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Review Article

Monoamine oxidase
inhibitors revisited

The monoamine oxidase inhibitors (MAQI'S) were de-
veloped during the late 1950’s as the first effective
antidepressant agents. With the development of the
tricyclic antidepressants, their use was superseded by
drugs which appeared to be generally more effective and
lacked the dangerous side effect of hypertensive crises.
Recently there has been a resurgence of interest in their
use, prominently for atypical depressions but also for
anxiety states, obsessive-compulsive disorders, eating
disorders, chronic pain syndromes and migraine.!:2

Because of widespread belief among anaesthetists
concerning the likelihood of life-threatening cardiovascu-
lar instability and central nervous system (CNS) dysfunc-
tion during anaesthesia and surgery when these agents are
present, usual recommendations have been to withdraw
them two to three weeks before surgery. A growing
awareness of the relative safety of these agents has led to
questioning of this policy. The true incidence of those
previously reported adverse drug effects was and is
unknown, but certainly they occur in a very small
minority of patients.

Although firm epidemiologic data of recent years are
lacking, anaesthetists may encounter increasing numbers
of patients receiving MAOI's. The purpose of this review
is to present the modemn understanding of the MAO
system, its drug inhibitors and relevant drug interactions
in order that rational clinical decisions can be taken
concerning these agents and the anaesthetic problems
which can arise in their presence.
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History

Isoniazid and its close relative iproniazid were introduced
for the treatment of tuberculosis in 1951.% Zeller et al.*
demonstrated enzyme inhibition of MAQ by iproniazid,
and in 1957 it was first used for the treatment of
depression.’ Iproniazid was withdrawn from the United
States” market in 1960 because of instances of severe and
sometimes fatal hepatotoxicity.® Those agents in current
use (tranylcypromine, phenelzine, isocarboxazid and
pargyline, which in the U.S. is approved in the treatment
of hypertension only) are the result of efforts to synthesise
MAQI’s having the benefits of ipronazid without its
adverse effects. An often quoted figure is that tranylcy-
promine and phenelzine account for over 90 per cent of all
the MAOT's currently prescribed.'"” Because these data
were collected in the 1960s,%? they may not accurately
reflect contemporary usage. A host of second generation
relatively type-selective MAQI’s may soon be introduced.

The MAO enzyme system
MAQO is a flavin-containing enzyme found principally on
outer mitochondrial membranes. The active form is a
dimer consisting of two subunits, each having a molecular
weight of approximately 60,000 daltons. It functions via
oxidative deamination to inactivate over 15 monoamines
formed in the body, some of which serve important roles
as synaptic neurotransmitters or neuromodulators, e.g.,
dopamine, S hydroxytryptamine (5 HT), norepinephrine
and epinephrine.'? MAO is present in most tissues of all
vertebrate species.!' Monoamine oxidase has been divid-
ed into two subtypes (MAO-A and MAO-B) on the basis
of the different substrate specificities of the two forms.'?
There is now growing immunochemical evidence that the
two forms are distinct isoenzymes of different molecular
weight {63,000-67,000 for MAO-A vs 60,000-63,000
for MAO-B) as they yield different peptide fragments in
mapping studies and have different electrophoretic behav-
jour.'?"'4 Even more recently, a monoclonal antibody has
been raised to human platelet MAO-B which cross-reacts
with human liver MAO-B bat not with liver or placental
MAOQ-A.Y

Substrates for MAO can be divided into three broad
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TABLE Substrates and inhibitors of MAOQ
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MAQ-A Mixed MAO-B
Substrates epinephrine m,p-tyramine B-phenylethylamine
norepinephrine dopamine phenylethanolamine
metanephrine octopamine o-tyramine
serotinin (5-HT) synephrine benzylamine
tryptamine

N-methyliryptamine
N,N-methyltryptamine

Trreversible inhibitors clorgyline phenelzine (-)deprenyl
Lilly 51641 tranylcypromine Lilly 54781t
isocarboxazid MDL 72145
pargyline (more B) AGN 1133
AFN 1135
Reversible inhibitors harmaline
amiflamine
cimoxalone
moclobemide
brofaramine (CGP 11305A)
Ro 11-1163
MD 780515
FLA 336(+)

categories on the basis of the affinity of the two
isoenzymes for them, namely MAO-A specific, MAO-B
specific and mixed substrates for which the two enzyme
forms have approximately equal affinity (Table). How-
ever, it must be remembered that the substrate specificity
is only relative as it is highly concentration depen-
dent.'®"17 As the substrate concentration is increased the
specificity becomes less apparent and it is now obvious
that both forms of MAO are capable of metabolising all
substrates if presented at an appropriate concentration. '®

MAO inhibitors may also be divided into three catego-
ries on the basis of their specificity for the two enzyme
subtypes (Table), but like the substrate specificity, the
specificity of the selective inhibitors is also dose-dependent
and disappears at higher doses.'®

The picture is further complicated by differences in
localisation of the MAQ isoenzymes. In humans (there
are considerable species differences) platelets contain
exclusively MAO-B, placenta exclusively MAQ-A,'*
liver has slightly more MAO-A activity than MAO-B
while intestine slightly less.'® About 60 per cent of human
brain MAO activity is of the A subtype.'* Monoaminergic
neurons appear to contain mostly MAO-A, with the
exception of serotonergic neurons which appear to con-
tain a considerable amount of MAO-B.?° Extraneuronal
cells contain mostly MAO-B . Although it appears likely
that such a large degree of compartmentalism is likely to
produce functional consequences they are far from clear at
present.?

Monoamine oxidase has two major functions depend-

ing on the tissues considered. The target function of the
use of MAO inhibitors in depression is the regulation of
monoamine content within the nervous system. Here
MAO metabolises neurotransmitters and transmitter syn-
thesis byproducts both intraneurally and in combination
with catechol-o-methyl transferase (COMT) extrancural-
ly. Due to its location in the outer mitochondrial mem-
brane,?! MAQ in neurons is only capable of deaminating
substrates that are free within the cytoplasm, being unable
to gain access to substrates once they are bound within
storage vesicles. As a result the cytoplasmic concentra-
tion of monoamines is maintained at a very low level.
MAQ-A may have a higher affinity for synthesis by-
products, such as tryptamine and octopamine, than for the
transmitters noradrenaline and dopamine, maintaining the
purity of neurotransmitters by preventing the build-up of
these compounds in the storage vesicles.'! In addition
intraneuronal MAO-A probably forms the last line of
defence against circulating indirectly acting sympathomi-
metic amines which, without MAO, would be free to
enter the cytoplasm of nerve terminals and ultimately
displace the normal transmitters from their storage vesicles.

Other tissues with high MAO content include liver,
kidney and lung'® where the enzyme performs a defensive
function inactivating circulating monoamines.?? In par-
ticular, they appear to form the first line of defence against
monoamines absorbed from foods, such as tyramine and
B-phenyl ethanolamine, which would otherwise produce
an indirect sympathomimetic response resulting in the
precipitous rise in blood pressure known as the “cheese
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effect.” MAQ is also associated with the blood-brain and
gut-blood barrier where it probably performs a similar
function.??

MAQ inhibitors

Inhibition of neuronal MAQ (i.e., MAO-A) produces a
demonstrable increase in both the monoamine content of
brain and the cytoplasmic concentration of MAO sub-
strates within a few hours.?? While the therapeutic action
was originally believed to be due to this amine accumula-
tion,* recent evidence has cast considerable doubt on this
view.

There are several secondary adaptive responses to the
increased amine levels. A reduction of amine synthesis by
end-product inhibition of tyrosine hydroxylase has been
clearly demonstrated within the noradrenergic system?>
and also for serotonergic neurons?® after treatment with
MAO inhibitors.

The increased cytoplasmic levels of synthesis byprod-
ucts, which may increase up to 30 times their normal
concentration in contrast to norepinephrine and dopamine
which only increase about two-fold,>® begin to enter
amine storage vesicles where they compete with norepi-
nephrine for space. Although the rate of replacement of
norepinephrine by the false transmitter octopamine is
usually slow, it is accelerated by increased levels of
circulating tyramine, which is converted within the nerve
terminal to octopamine by dopamine B-hydroxylase.?’
Octopamine has been shown to replace almost stoicho-
metrically the reduction of norepinephrine release normally
seen after MAO inhibition.?” There is also indirect
evidence that dopamine can be stored in vesicles and
released as a co-transmitter where it stimulates inhibitory
pre-synaptic dopamine receptors.”’ In addition to the
exocytotic release of dopamine, it is likely that some
stimulation of inhibitory pre-synaptic a-adrenergic and
dopaminergic receptors will result from the passive
diffusion of the increased cytoplasmic amine levels into
the synaptic cleft.?®

After several weeks of treatment with MAO inhibitors
effects are apparent at the receptor level. There are
reductions in B-adrenoreceptor numbers, and functional
activity as measured by norepinephrine stimulated cyclic-
AMP formation as well as reductions in o;- and as-
adrenoreceptors, SHT; and 5HT, receptors, but not
dopamine receptors.'! These changes closely resemble
the pattern of receptor down regulation following chronic
tricyclic antidepressant therapy.

A reduced neuronal firing rate has been observed in
both the serotonin-containing neurons of the median
raphe and the norepinephrine containing neurons of the
locus ceruleus, following chronic administration of MAO
inhibitors.??3% In addition, chronic, but not acute, clorgy-
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FIGURE Neuronal consequences of chronic MAQ inhibition in an
adrenergic neuron. NE = norepinephrine, E = epinephrine, DA =
dopamine, T = tyramine, O = octopamine. (a) end-product inhibition
of transmitter synthesis enzymes; (b) accumulation of false
transmitters in storage vesicles; (c) increased cytoplasmic amine
concentration; (d) stimulation of inhibitory pre-synaptic receptors

by leakage of cytoplasmic amines; () down-regulation of presynaptic
receptors; {f) down-regulation of post-synaptic receptors.

line treatment attenuates the behavioural changes induced
by clonidine (an a,-adrenoreceptor agonist) in rats.'

Systemic inhibition of MAO also produces the risk of
potentiation of the effects of indirectly acting sympatho-
mimetic drugs due to the suppression of the body’s normal
means of metabolising circulating monoamines. The most
obvious consequence of inhibition of non-neuronal MAO
is the so-called “cheese reaction” caused by ingestion of
foodstuffs rich in substances such as tyramine and
phenylethanolamine, or any other MAQ substrates capa-
ble of displacing norepinephrine from its vesicular stor-
age. However, the hypertensive effects of intravenous
administration of indirectly acting sympathomimetic drugs
may also be potentiated markedly by MAO inhibition.3?

Overall, the recent evidence, summarised in the Figure,
indicates that the major side-effects of chronic MAO
inhibition will relate to a general reduction in sympathetic
outflow producing a lower resting blood pressure (in fact,
the only approved indication for pargyline in the U.S. is
for treatment of hypertension), and a decrease in the
ability of the sympathetic system to respond to stimuli
resulting in such conditions as orthostatic hypotension. In
addition there is the risk of a marked potentiation of
indirectly acting sympathomimetic agents with a precipi-
tous rise in blood pressure.

While the traditional MAO inhibitors (i.e., phenelzine,
isocarboxazid, tranylcypromine and pargyline) are inhibi-
tors of both MAO-A and MAO-B, there have been several
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developments recently that are specific for one or other of
the enzyme forms. The specificity of these agents may
prove to be of some benefit in reducing the side-effects of
the non-specific drugs® but since none of these drugs are
in full-scale usage it is difficult to ascribe any definite
advantages to them as yet.

Specific MAO-A inhibitors, such as clorgyline, seem
likely to behave much as the non-specific inhibitors in
terms of their effects on the central and sympathetic
nervous systems. When used in MAO-A specific doses
they should be slightly less likely to potentiate indirectly
acting sympathomimetic drugs since MAO-B in the
tissues responsible for metabolising circulating amines
should be spared. Unfortunately, these drugs do not
appear to have lived up to their promise in this regard®*3°
which may indicate that intraneuronal MAQO-A is more
important as a defence against this potential danger than
hepatic and other extraneuronal MAO.

Specific MAO-B inhibitors such as (-)deprenyl, may
be safer from the point of view of side-effects®® but their
efficacy in treating depression is as yet far from certain,>?
although this drug is currently being trialled in Europe for
treatment of Parkinson’s disease.*® Since neuronal
MAO-A is relatively uninhibited when this drug is used in
MAO-A specific doses it seems likely that the sympathet-
ic effects of MAO-A inhibitors will not occur,2® nor will
the cheese effect®” although this latter property may be
specific to (—)deprenyl among this group of drugs due to
its tyramine uptake blocking properties.®

All the drugs considered up to this point are known as
“suicide” inhibitors of MAO. The drugs are all substrates
for MAO which converts them into highly reactive
intermediates which form either irreversible or very
slowly reversible covalent complexes with the enzyme to
prevent its normal function.>® In contrast to these drugs
several competitive and therefore reversible inhibitors of
MAO-A have been developed (Table). Although these are
just as likely to produce orthostatic hypotension and other
sympathetic side-effects,® they do appear less likely to
produce an excessive hypertensive response to indirectly
acting sympathomimetic amines. Because the MAQ sub-
strates are capable of displacing the inhibitor from the
enzyme® the “cheese reaction” with these reversible
agents appears to be self-limiting in animal and human
studies to date.>

It is important to recognise that the drugs used clinically
to inhibit MAQO have other pharmacological effects.
Tranylcypromine, phenelzine and pargyline, in decreas-
ing order of potency, but not isocarboxazid, block the
uptake of monoamine*' as does deprenyl.® In addition,
inhibition of the hepatic microsomal enzyme systems also
seems to be a property of MAQ inhibitors,*? and has been
used to explain the potentiation of the hypertensive effects

67

of indirectly acting sympathomimetic amines that are not
substrates for MAO.43

Finally, there are many drugs which are capable of
weak to moderate MAO inhibition, including amphet-
amine and other a-methylated substituted amines** which
are reversible inhibitors primarily of the A isoenzyme, as
are the local anaesthetics procaine, procainamide, tetra-
caine, lidocaine, dibucaine and prilocaine.*>%¢ Inhibition
appears to be competitive and reversible in nature, with
the exception of dibucaine which inhibits irreversibly. 46
The B-blockers propranolol, pindolol and oxprenolol but
not atenolol also reversibly inhibit primarily MAO-A,
propranolol in a competitive manner.*S

MAO-B is inhibited to a moderate degree by a wide
range of tricyclic antidepressants and antipsychotic drugs
including amitryptyline, nortriptyline, doxepin, imipra-
mine, desipramine, chlorpromazine and iprindole.*” The
clinical significance of these effects is difficult to predict
but in the case of the antidepressant iprindole, which does
not inhibit monoamine uptake, the inhibition of MAQ
may be relevant.¥’

Furazolidone and debrisoquine have also been consid-
ered to inhibit MAQ. The wide range of drugs capable of
inhibiting MAQ indicate that the effect is not specific and
may well be a property of many more, as yet unsuspected,
drugs.

Drug interactions
The widespread inhibition by MAOI’s of MAO enzyme
and other enzyme systems indicates considerable poten-
tial for interference with the biotransformation and
pharmacodynamics of other drugs. Concern has been
raised in the anaesthetic literature regarding the concur-
rent use of MAOI's with narcotics, sympathomimetic
agents and anaesthetics in general. The discontinuation
of MAOI's at least two weeks before surgery has been
often recommended and is a widely practised belief.*#-54
Nevertheless, there is growing appreciation, perhaps
reflecting more contemporary experience, that anaesthe-
sia can be safely administered in most patients in the
presence of the chronic use of these agents.33-%°

It is important to emphasise again that those previously
reported adverse drug reactions occurred in a minority of
patients. However, until we are able to identify those
individual patients in whom problems are likely to arise, a
cautious general approach should be followed in anaes-
thetising all patients who continue to receive MAOI
therapy for appropriate indications and in appropriate
doses. Such an attitude is vindicated by a recent clinical
report detailing extreme hypertension (350 mmHg systol-
ic) which followed induction of anaesthesia with etomid-
ate 0.3 mg-kg~! and atracurium 0.8 mg - kg~ in a patient
who had been maintained on tranylcypromine for the
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previous two months.®' The authors of this report were
unable to attribute a specific cause for such severe
hypertension. They did, however, make the point that in
this patient the presence of an indwelling arterial line
allowed for early detection and treatment of this problem.

Reported drug interactions of importance to the anaes-
thetist, classified according to the nature of the interacting
agent, are summarised in the following sections.

Narcotic analgesicssMAOI interactions

Several years after the introduction of the MAOI's,
isolated case reports began appearing which raised the
possibility that meperidine interacted with iproniazid to
produce a syndrome of coma, hyperpyrexia and hypoten-
sion.$2-6* In patients taking phenelzine, interactions with
meperidine appeared to be even more severe. Periopera-
tive death attributed to the above interaction was reported
in 1960. The patient, who had been receiving phenelzine,
had been uneventfully treated for pain relief with mor-
phine, but after receiving two injections of meperidine
totalling 150 mg, became restless, hyperpyrexic, cyanotic
and died within several hours.®® Taylor, reporting
on two phenelzine-meperidine interactions in 1962,
described the case of a woman who received meperidine
uneventfully on one occasion but experienced a severe
hypertensive reaction with meperidine after her phenel-
zine dosage had been increased. Combinations of tranyl-
cypromine and meperidine produced similar reactions.5”
About this time papaveretum (a mixture of water soluble
narcotic alkaloids containing approximately 50 per cent
morphine), administered as a premedicant was incrimi-
nated in a comatose, hypotensive reaction with phenel-
zine.

By 1965 it was estimated that over 3.5 million people in
the U.S. and 500,000 people in Canada had received
tranylcypromine.>' Almost certainly most patients were
reacting normally to the administration of narcotics, yet
there seemed to be a small group of patients in whom the
combination of meperidine with MAOI’s could produce
severe, life-threatening reactions. For this reason
Churchiil-Davidson advocated the preoperative use of
small test doses of analgesics,® in an attempt to avoid
delaying anaesthesia for two weeks or using entirely
non-narcotic techniques. This method has not gained
widespread acceptance.

While decelerated breakdown of meperidine due to
N-demethylase inhibition by MAOI's could explain the
exaggerated normal response of this drug, namely hypo-
tension and respiratory depression, it does not explain
other reported effects such as hypertension and hyper-
pyrexia.”® The most likely mechanism for the observed
hyperpyrexia is a possible increase in cerebral 5-HT
content caused by MAOI’s which itself may be potentiat-
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ed by meperidine because the latter blocks neuronal
uptake of 5-HT.52 Animal studies have demonstrated that
a critical brain level of 5-HT, about 60 per cent above
normal, is necessary before the potentiation occurs.”
This hyperpyrexia does not occut in animals pretreated
with 5-HT inhibitors. The cause of the hypertension may
be excessive endogenous catecholamine release in re-
sponse to narcotic-induced hypercarbia.’? Interestingly,
recent work has shown that meperidine toxicity is
increased only when both MAO-A and MAO-B are
inhibited.” Thus, these problems might be avoided by
use of specific A or B MAOI's.

Reactions to morphine seem to be much less likely in
patients taking MAOI’s.”>”® Brown and Waldron™
uneventfully treated five patients with headaches believed
to be due to the “cheese reaction” with morphine 20 mg.
Evans-Prosser** administered random injections of mor-
phine, meperidine and water to 15 patients on MAOI's.
These injections were given at 45 min intervals in
increasing doses. All patients reacted normally.

Experimental studies with mice pretreated with iproni-
azid and tranylcypromine have shown that acute toxicity
of morphine, meperidine and pentazocine was increased.
The dosages used were, however, enormous; namely up
to 15mg-kg' of tranylcypromine (normal human dose
20-50 mg- day').”® Based on later similar work per-
formed on rabbits pretreated with pargyline, claims were
made for the greater safety of pentazocine.” Similar
claims have been made conceming codeine.>%"> Scrutiny
of published data pertaining to humans, however, sup-
ports the possibility of problems only with meperidine and
even then relatively infrequently.

Published series by El-Ganzouri ef al.>” and Wong,*
involving a total of 22 patients (El-Ganzouri et al. 14
patients, Wong eight patients) who underwent general
surgical procedures while maintained on MAOI’s report-
ed no unusual or unexplainable problems. Of the 14
patients anaesthetized by El-Ganzouri et al., 12 received
general and two regional anaesthesia. Three of the 12
patients administered general anaesthesia received intra-
operative fentanyl. Postoperatively, three of the 14
patients received fentanyl and nine of the 14 patients
received morphine. Intraoperative hypotension occurred
in one patient following 13 ml of 0.5 per cent bupivacaine
administered as a thoracic epidural, and was corrected by
intravenous phenylephrine.

In Wong's group of eight patients six received a general
anaesthetic {(of which three received intraoperative fen-
tanyl) and two were given a sub-arachnoid block. Both
patients administered sub-arachnoid anaesthesia and one
patient receiving general anaesthesia developed mild
intraoperative hypotension. All were treated uneventfully
with intravenous ephedrine.
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Cardiac surgery has been safely performed in two
patients (one coronary artery bypass grafting, one mitral
valve replacement) premedicated with morphine and
anaesthetised with fentanyl 75 ug - kg~*.*® Braverman et
al.% found no significant differences in awakening times
in dogs anaesthetised with amylbarbitone 25 mg-kg™!
who were then intubated and mechanically ventilated with
fentany] (approximately 25 pg-kg™'), one per cent en-
flurane and 70 per cent nitrous oxide for three hours in the
presence or absence of a three-week course of tranyl-
cypromine.

A recent clinical report describes the use of a continu-
ous epidural fentanyl infusion at about 60 pg-hr~! to
provide postoperative analgesia for four days following
an abdominoperineal resection for adenocarcinoma of the
rectum. This particular patient, who had received tranyl-
cypromine daily for 12 years, experienced an uneventful
postoperative course.”® El-Ganzouri er al.®” administered
epidural morphine 0.2 mg-hr~! as a continuous infusion
during surgery and throughout the postoperative period in
asingle patient undergoing a gastrectomy. There were no
problems attributable to the use of epidural morphine.

In summary, general opinion favours the use of
morphine or fentanyl when the use of intra- or postopera-
tive narcotic is required in patients receiving MAOI’s.
The use of meperidine is totalty unsuitable in view of the
number of adverse reactions reported with its use,
although it must be acknowledged that most of the
information relating to meperidine is in the form of
anecdotal case reports. On the other hand, there is a
limited amount of scientific data pertaining to animals and
humans describing the safe use of fentany} and morphine
with an absence of incriminating case reports pertaining to
these agents.

Sympathomimetic aminesIMAOI interactions

The so-called “cheese reaction” that may follow ingestion
of tyramine-containing foods is the most feared general
problem associated with MAOI therapy.* This reaction
was first recognised by a chemist who noticed his wife
developing severe headaches after eating cheese.>? Other
foods implicated in this syndrome include beer, wine,
pickled herring, snails, chicken liver, yeast, large
quantities of coffee, citrus fruits, canned figs, broad beans
(which contain dopa) and chocolate and cream or their
products.” MAOI’s prevent the inactivation of tyramine
by MAO enzyme in the gastrointestinal tract and liver.>
Tyramine therefore enters the bloodstream and releases
norepinephrine from intracellular vesicles in sympathetic
nerve terminals. Severity of the reaction depends upon
several factors. At least 6 mg tyramine PO is required to
produce a moderate rise in blood pressure, which be-
comes severe if over 20 mg is ingested.® Subarachnoid
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haemorrhage has been described after 50 mg oral inges-
tion of ephedrine-provoked hypertension in a patient
receiving nialamide, an older MAOL”?

The hydrazine MAOLI’s are reported to be less likely to
result in a hypertensive crisis than the nonhydrazine
derivatives.® Hypertensive responses are five times more
common with tranylcypromine than with phenelzine, and
may be least problematic with isocarboxazid.® Neverthe-
less, it should be assumed that all currently marketed
MAOI'’s are capable of producing hypertensive crises.
Hypertensive reactions with a vasopressor (methylam-
phetamine, 3 mg IV) have been reported as long as three
weeks after medication was discontinued.”® In this
instance the administration of methylamphetamine in
response to anaesthetic-induced hypotension caused a rise
in systolic blood pressure from 85 mmHg to 230 mmHg
in a patient formerly receiving pargyline. The authors
commented that this response was of the order of three
times that expected with this dose of methylamphetamine.

In addition to tyramine,®2 hypertensive reactions have
been reported with ephedrine,”® metaraminol®®, methyl-
amphetamine,’®?®'  phenylpropranolamine,®'  phenyl-
ephrine,*!8%:84 Jevodopa®® and dopamine. 8¢

There are no controlled studies attributing development
of such severe hypertensive episodes to concurrent use of
directly acting sympathomimetic amines (e.g., epineph-
rine, norepinephrine, isoproterenol and methoxamine)
and chronically administered MAOI’s. That the intrave-
nous administration of directly acting sympathomimetic
amines failed to provoke hypertension was demonstrated
some 20 years ago.®® The reason for this may be that
exogenous, directly acting sympathomimetic amines are
primarily removed from the vicinity of the receptors by
neuronal uptake. They are also in part degraded by an
extracellular enzyme, namely catechol-o-methyl transfer-
ase (COMT).®? They do not flood the intracellular sites of
action of MAOI's with monoamines. There is no experi-
mental evidence to support the former widespread claim
of avoiding all vasoactive amines in the presence of
monoamine oxidase inhibitors.”*%3!:38 Boakes et al.®
infused catecholamines to healthy human volunteers
given a five- to seven-day course of phenelzine or
tranylcypromine. They found a 2—2.5-fold potentiation of
the pressor effect of phenylephrine but no clinically
significant potentiation of the cardiovascular effects of
notepinephrine, epinephrine or isoproterenol. Wong et
al.>* demonstrated no difference in epinephrine-induced
arrythmias in pargyline-treated dogs versus control
animals. Using dogs anaesthetised with amylbarbitone,
fentanyl (approximately 25 ug - kg="), 70 per cent nitrous
oxide and one per cent enflurane, Braverman et al.®
showed the mean blood pressure increases to norepi-
nephrine and ephedrine were not significantly different
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before or after three weeks of treatment with tranylcypro-
mine, although the baseline blood pressure remained
elevated after each dose of ephedrine. El-Ganzouri et
al.57 described one patient administered a thoracic
epidural anaesthetic who developed a brief period of
hypotension that responded to treatment with Ringer’s
lactate and three 100 pg divided doses of phenylephrine.
Wong® retrospectively described three of eight patients
anaesthetised for surgical procedures who developed mild
intraoperative hypotension. In two of these spinal anaes-
thesia had been used. All were successfully treated with
ephedrine.

To date the most consistent theme with sympathomi-
metic amine/MAQI interactions is that significant cardio-
vascular problems have not been reported in either
humans or animals with directly acting agents. There is
an unknown but seemingly very low incidence of hyper-
tensive episodes in the presence of indirectly acting
compounds. Ideally, the use of vasoactive compounds in
the treatment of anaesthetic induced hypotension should
be kept to a minimum. If needed, the use of a directly
acting compound (e.g., methoxamine) is preferable to
that of an indirectly acting one. Certainly vasoactive
drugs should be initially administered in very small doses,
about one-third of normal, with additional titration of
doses against cardiovascular responses.

Barbiturate!MAOI interactions

As with the narcotics and sympathomimetic amines, the
dangers of barbiturate use in patients on MAOI’s seem to
have been exaggerated. While several oft-quoted animal
studies indicated prolonged sleeping times*?:°%%! and
numerous authors have advocated reduced doses of bar-
biturates,®”-8-92 there seem to be only two cases which
suggest potential risk to humans of a barbiturate-MAQIL
combination. A 1962 report describes barbiturate intoxi-
cation in a psychiatric patient, maintained on tranylcypro-
mine, who received amobarbital 250 mg orally.”> This
case may have been complicated or indeed even attribut-
able to an underlying concussion. Jenkins and Graves®!
reported a S2-year-old male taking tranylcypromine
whose blood pressure fell precipitously during induction
with thiopentone. On the other hand, Brown and Cass>?
noted the safety of thiopentone when used frequently in
patients on MAOI’s. El-Ganzouri ez al.>” administered
1-3mg-kg™! thiopentone to all of 13 patients receiving
electroconvulsive therapy (ECT) and eight of 14 patients
undergoing general surgery. Three general surgical pa-
tients were induced with etomidate (0.3-0.6 mg-kg™").
Hypotension documented in one patient could be readily
attributed as previously described to the presence of an
accompanying thoracic epidural. No other adverse effects
were reported.

CANADIAN JOURNAL OF ANAESTHESIA

Neuromuscular blockerfMAOI interactions

There is one documented case of prolonged apnoea as a
result of the administration of succinylcholine in a patient
receiving phenelzine.?* These authors demonstrated low
pseudocholinesterase levels in four of ten patients receiv-
ing phenelzine but in none of 12 patients receiving other
MAOI's. Problems have not been reported with the use of
nondepolarising relaxants. It therefore appears that moni-
toring of neuromuscular function should be undertaken if
succinylcholine is used in patients maintained on phenel-
zine.

Anaesthetic guidelines

There have been and may continue to be significant drug
interactions occurring in some patients receiving MAOL’s
who undergo anaesthesia and surgery. However, the
current dictum advocating their discontinuation some two
to three weeks prior to surgery places all patients in danger
of developing potentially severe psychiatric problems.
This policy of drug withdrawal seems based more on
anecdotes and isolated responses than on controlled
scientific studies.

As previously indicated, significant adverse drug re-
sponses reported to date have usually occurred with
meperidine and some indirectly acting sympathomimetic
amines. Anaesthetists with a good understanding of the
pharmacology of MAOI's may wish to conduct their
anaesthetic management of patients taking appropriate
does of these agents for appropriate conditions within the
following guidelines.

L Preoperative evaluation

The overall status of the patient combined with the
anticipated nature of surgery will dictate the extent of the
preoperative workup. Patients should probably have
documentation of preoperative liver function, in view of
the possibility of drug-induced abnormalities and inter-
actions. For elective procedures, consultation between
anaesthetist, surgeon and psychiatrist is indicated in order
that an overall assessment of the potential, albeit uncom-
mon, risks of anaesthesia are balanced against the
psychiatric complications of drug withdrawal, in particu-
lar the potential for suicide.

2 Premedication

Prior to elective surgery, premedication should be admin-
istered in sufficient dosage to alleviate anxiety and its
accompanying sympathetic discharge. Use of benzo-
diazepines would seem appropriate. Unless specifically
indicated, the use of anticholinergic agents as part of
premedication would seem inadvisable.%

3 Monitoring
The nature and extent of surgery will dictate the type of
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monitoring required. Wong®” believes that beat-to-beat
monitoring of heart rate and blood pressure via an arterial
cannula should be considered in all patients.

4 Anaesthetic technique

The anaesthetic technique chosen should avoid sympa-
thetic stimulation, either directly or indirectly, as a
response to decreases in blood pressure. Reasonable
control of blood pressure within those limits defined
preoperatively as normal makes sense here. Close atten-
tion should be paid to control of blood volume. Never
could the often-ridiculed statement of “avoid hypoxia,
hypercarbia and hypotension™ be more appropriate, in
view of the possibility of exaggerated sympathetic re-
sponses to these abnormalities.

Meperidine should certainly be avoided. Fentanyl or
morphine is suitable.>*~¥ Enflurane or isoflurane should
probably be employed in preference to halothane, to
decrease the potential for arrythmogenic effects in concert
with catecholamines.®® While spinal and epidural anaes-
thesia have been successfully utilised, '8 their potential
for hypotension and consequent need for vasopressors
may mitigate in favour of general anaesthesia. If intraop-
erative hypotension does occur it should be treated with
restoration of fluid volume and then, if necessary, with
small doses of directly acting sympathomimetic amines
(e.g., methoxamine). Any vasoactive drug administered
must be titrated in small doses against cardiovascular
response. If regional anesthesia is to be performed, a
cautious approach would argue in favour of the use of
local anaesthetic agents without epinephrine although
problems have not been reported with epinephrine in the
standard 1:200,000 dilution. Cocaine, which blocks
re-uptake of monoamines into adrenergic nerve terminals,
and therefore may potentiate the action of indirectly
acting sympathomimetic amines, should probably be
avoided. Should bronchospasm occur, its treatment by
volatile anaesthetic agents and theophylline is indicated.*°

Conclusion
Until recently, traditional teaching has been to discon-
tinue MAOI therapy two to three weeks before surgery.
The literature and texts relating to the concurrent use of
MAOF’s with anaesthesia are confusing, outdated and
often contradictory. Significant adverse drug reactions
can and have occurred in a minority of patients receiving
MAOI's. The true incidence of such reactions is unknown.
While there are several recent clinical reports indicat-
ing the safety of these agents in combination with
anaesthesia, only small numbers of patients are described
in each series. Until it is possible to define those
individual patients in whom adverse reactions are likely to
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occur, all patients must be assumed to be at some level of
potential risk.

However, assuming administration in appropriate
doses and for appropriate indications, patients can and
likely should continue to receive MAOI therapy. A final
decision on the administration of anaesthesia in the
presence of MAQI therapy can only be made by an
anaesthetist familiar with the pharmacology of the MAO
system and its inhibitors.
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