SEDATIVES, ANALGESICS, AliTI%OTES, AND THEIR INTERACTION
REVIEW

AiLeN B IDoskiN, MD *

THE ANAESTHETIST 1s harassed constantly by three needs in his daily work Each
of these contributes to the things that make the difference between an “unevent-
ful anaesthetic” and one charged with comphications They are related in part to
our desire for drugs with special properties which can produce m the patient a
certamn response without any deleterious or other undesirable effect, and can be
listed as follows

1 Sedatives which produce effective psychic sedation during the immediate
preoperative pertod, without provoking nausea, vomiting, %vere respiratory
depression, circulatory instabihty, histamine-like reactions, and, behavioural dis-
turbances !

2 Potent analgesics, with a relatively short delay i onset and a short duration
of action, that do not cause s;de-eﬁectsj as noted above 2 Skeletal muscle relaxa-
tton and deep” hypnosis (unconsciousness) are not necessa.r)f‘ features of the
action of these agents, simnce we have suitable relaxant drugs, and deep hypnosis
or unconsciousness can be well provided by nitrous oxide *

3 Antidotes which can ensure rapid, smooth recovery to lwakefulness and
adequate breathing, without provoking nausea, vomiting, sn%ezmg, coughing,
itching, or circulatory disturbances l},['hese drugs should only be used when
clearly indicated °

PsycHid SepaTION

mixed blessing to the anaesthetist During the past decade, we have realized that
analgesics and hypnotics alone (or m combination) do not always satisfy the
desire to sedate a patient In the search for better sedatives, many new drugs
have been tested to see if one meets this real need, but better ones must still be
sought, and their actions compared with those already in use A summary of
these structurally 1s shown mn Table I| Selection of the best one among these to
fit our needs has been hampered by the wide dose range of the drugs within
particular chemical groups, and by varnable side-effects that occur with indivi-
dual representatives of each group of drugs, as indicated 1n Table I

None of the drugs 1s a “perfect” sedative in the sense that it will invanably
induce a state of calm indifference to a major stress situation, even when the

dose 1s mcreased to the range where toxic effects are seen too frequently ( >25%)
Aldous Huxley has stated that

the perfect tranquilizer should be a drug jE'vhlc]h would reheve and console our suffering

The mtroduction of drugs which are capable of producing tranquilhity was a
£

species without domng more harm 1n the long run than it does good i the short It must
be less hkely to produce undesirable social consequences than alcohol or barbiturates,
less mimical to the heart and lungs than the tar and micotine of cigarettes It should
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produce changes i consciousness more pleasant and!more mbmsically valuable than

mere hypnotic sedation or dreaminess, delusions of ommpotence or release from
mhibition

This 1s still a fantasy, and apphes, of course, to drugs that will be used over a
protracted period of time

There are divergent opimons regarding the use of sedatrve drugs in premedi-
cation Some feel that none should be used-—particularly narcotic analgesics®
and non-barbiturate sedatives’—while others like to use enough to “obtund,
obnubilate and obfuscate ”® Beecher has asserted that there 1s no place for anal-
gesics 1 premedication unless the patient has pam, mamly because a true
sedative action 1s only evident when pain 1s relieved Otherwise nausea, itchiness,
and respiratory depression become their most promiment effects Many dishke
the barbiturates because they cause confusional states, especially mn the elderly,
m whom a sensation of unreahty accompames the mduced half-asleep state,
which increases the alarm caused by an unfamihar environment Psychosedatives
are feared because they may cause or augment depression of circulation and
respiration  Neurosedatives are not widely used because most of them must be
giwven over a period of several days before an adequate sedative effect becomes
apparent

The use of psycho- and neuro-sedatives i psychiatnic practice 1s rather differ-
ent from that in anaesthesia because the type of anxiety that appears 1n the
psychotic patient has no obvious purpose, yet requires long therapy with large
doses to allay the patient’s symptoms, whereas the pieoperative patient usually
has good reason to be anxious and even better reasons to be rendered tranquil
mn a relatively short time This can be accomplished by judicious use of psycho-
sedatives and 1s ample reason for us to continue studying these drugs carefully,
and to persist mn our quest for drugs that can consistently allay a patient’s fears
after a single injection

Even more mmportant to the anaesthetist than bemg able to provide a laghly
consistent sedative effect with a drug 1s the requirement foi a lack of undesirable
physiological disturbances, such as hypotension (especially in the hypertensive
patient), respiratory depression (particularly m the patient with emphysema),
extrapyramidal effects (“twitchiness,” restlessness, muscle spasms), and allergic-
type reactions Some of the undesirable responses to sedative and analgesic drugs
in the 11l patient are shown in Table II

Nodine and his associates have discussed the human bio-assay of psychosedative
drugs and have suggested that when the eflicacy of these drugs 1s studied, the
percentage of patients showing moderate to marked mmprovement should be
plotted against the loganthm of the dose® At any low dose level, 30 to 40 per
cent of patients may be expected to respond because of a placebo effect As the
dose 1s increased, a higher percentage of patients should respond until a maxi-
mum 15 reached, leaving only a few patients who do not respond adequately to
the drug The mcidence of toxic effects should be plotted in the same way,
defining a toxic effect as one which 1s sufficiently seveie in the patient and alarm-
ing to the physician that admmstration of the drug 1s discontinued or the dose 1s
lowered Figures 1A and 1B show the typical response that may be expected
from a satisfactory and an unsatisfactory sedative drug
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HUMAN BIOASSAY OF A GOOD SEDATIVE DRUG HUMAN?BIOAS':ATY 0f A POOR SEDATIVE DRUG

100 | A T T

T T T T T 100 T T — T 7 T T

/ OF PATIENTS
/  OF PATIENTS

! 1 1 1 L 1 L 1 L A ' L L 1
i 2 3 | 2 3 10 20 30 100 i 2 3 ] 2 3 10 20 30 00
DRUG DOSE UNITS DRUG OOSE UNITS

A B

Ficure 1 Human bioassay of a good (A) and a poor (B) sedative drug Observe that a
drug should be effective m at least 75 per cent of patients (EL).) at a dose level that does not
cause toxic effects 1 more than 25 per cent of patients (TD-|) Otherwise the drug must be
consideled unswitable as a sedative In anaesthetic practice, we should use only those drugs
with a very wide therapeutic mdex (TDus should be three times greater than EDus).

Since psychosedative drugs are seldom used more than once mn a patient mn
association with a single anaesthetic, 1t 15 reasonable to expect that the therapeu-
tic effectiveness should be at least 95 per cent without appreciable toxic effects,
and the “best” dose of the drug should be no more [than one third of the dose
which causes toxic effects in 25 per cent of patients If a toxic effect does develop,
there should always be another drug available which effectively and promptly
reheves the toxiaity, and which itself should be virtually 100 per cent non-toxic
i the therapeutic dose range

Hebb beheves that the nervous system produces spontaneous activity and 1t
requires outside stimulation to use up the energy produced He has suggesied
that the “cue response” and the ntensity of arousal of the central nervous system
are separate functions 1 Many of the drugs used in association with anaesthesia
may be fitted into a bell-shaped curve, the abscissa of which corresponds to the
mtensity of arousal activity and represents non-specific nervous stimulation, and
the ordinate of which corresponds to the cue value of a shmulus which represents
well-orgamzed, goal-directed behaviour (Fig 2)

Most of the available phenothiazine-related psychosedatives are shown in the
central section of this figure I have placed them n t.J‘lus central position because
they affect the psychomotor system in different ways, depending on their chem-
cal side-chain structure and upon the psychic state of the subject They can not
only suppress severe agitation and reduce a manic patient to a placid state, but
they can sometimes cause wide mood swings in the relatively normal mdividual
—from a state of mndifference and drowsmess to one of panic and catatoma On
the other hand, the patient who 1s weak and 1ll from a physical ailment 1s easily
put to sleep, and, with excess, may go into coma, for these drugs have a potent
depressant effect on the brain stem arousal mechanism |

The usual response in the “normal” subject to a psychosedative may  be
expected to vary from a mild hypnotic reaction—which merely depresses the
cerebial cortex and raises the threshold of the central nervous system, causing
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mld sensory deprivation, that enforces drowsiness or sleep—to a potent neuro-
sedation—which depresses the motor overactl\ﬁtv seen m anxiety and tension
states

Biochemically, these drugs have varymng degrees of antiepmephrine-antimore-
pmephrine, antiacetylchohne, antiserotonin, an al’l]tlh.lsi ammic activities, which
change the balance among these neurohormanes, and may cause a block or
“derailment” of the transmission of various impulses Conversely, they may facili-
tate and produce excessive nervous (motor and sensory) sttmulation *-'¢ Perhaps
this may explain why some of these drugs (e g promethazine and perphenazine)
occasionally produce marked restlessness and 'a “twitchy” feeling the subject
becoming as tranquil “as a cat on a hot tin roof”, while others, such as levome-
promazme (methotrimeprazine), can produce such mtense sensory deprivation
that its properties cannot be distinguished from those of a potent analgesic drug
such as morphine 17 18

On the nght side of Figure 2 1s a list of sedative drugs, which are divided nto
three groups hypnosedatives, neurosedatives, and analgesic sedatives

Many of the hypno- and neuro-sedatives are diffiult to prepare for parenteral
use Their action 1s relatively slow mn onset, but when given i adequate dosage
they are very useful agents for providing several hours of sleep Aside from hang-
over after wakening, they have no appreciable side-effects Chlordiazepoxide
( Methaminodiazepoxide, Librium) 1s the newest among these and 1s now ayvail-
able for parenteral use When given by this route, 1t appears to be very effective
for providing hght, relaxed sleep I have used 1t as the sole hypnotic-neursoseda-
tive for elderly patients recerving spinal anaesthesid The sedation 1t provides 1s
unsurpassed, because a single dose causes excellent sedation, and 1t 1s entirely
free of undesirable effects It 1s equally effective for sedation befoire general
anaesthesia 1°

Most of the neurosedatives are not of particular [value to the anaesthetist for
use m premedication because their action 1s too weak after a single admimstra-
tion When a large dose 1s given parenterally, severe toxic effects occur too fre-
quently and annul any value they might possess Some of these stimulate the
basal gangha, causing the release of acetylcholine which, in turn, produces a
restless subject, or one with severe neuromuscular disturbances (eg grinding
teeth, torticollis) This reaction can be relheved by admimstration of an anti-
cholinergic drug such as atropine or benztropme Such a reaction 1s rarely seen
with the phenothiazine denivatives after a single| admimstration, but 1t is a
common reaction to haloperidol—-which frequently causes a delayed reaction of
this kind 2 Among these neurosedatives, hydroxyzine (a diphenylmethane),
meprobamate (a propanediol), and droperidol (a butyrophenone) are the most
active and are currently viewed as very useful sedatives for preoperative sedation

Greater advantage may be taken of some of the hypnotic and neuro sedatives
for use in clinical anaesthesia by combining one of them with a potent, non-
addicting analgesic drug By careful selechon among the drugs in Table I, the
undesirable effects of a pair may be mutually blocked, and their useful eﬂects
enhanced Such drug combmations have been used to provide “alert analgesia”
or “neuroleptanalgesia,” and are discussed m the following section
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“ALERT ANAIGESIA,” NEUROLEPTANALGESIA, NOTHRIA,

Two or more anaesthetic agents have been combined ever since Clover used
nitrous oxide to facilitate induction of andesthesia with diethyl ether, and diethyl
ether to reduce the amount of chloroform required for mamtenance of anaesthe-
sia 21 After the turn of the century, no seiious attempts were made to extend this
1dea because of the paucity of available drugs In 1926, Lundy suggested the use
of a balanced anaesthetic techmque, which consisted of sedative drugs for pre-
medication, hight general anaesthesia, and the additional use of regional anaes-
thesia to reduce the amount of toxic general anaesthetic drugs 1equired This
technique satisfied Cnle’s physiological reasomng, that regional anaesthesia
should be used to suppress the noxious stimuh from the operative site, allowing
psychic depression (unconsciousness) to be achieved with much less general
anaesthesia 2* Today, this concept 1s apphed widely

After Gnflith introduced curare for muscular relaxation, in 1942, attempts were
renewed to combine agents physically In 1947 Baird combined thiopental and
d-tubocurarine 1 a fixed mixture (100 3) for intravenous use,?® remforced by
mtrous oxide Many of the physicians he tramned still favour this techmque
About the same time, others combined the mhalabion of mitrous oxide with
parenteral curare’ ** o1 mepernidine 2 After the mtroduction of the phenothiazine
derivatives as adjuncts to anaesthesia by Laborit and Huguenard, a fixed combina-
tion of chlorpromazine, promethazine, and meperidme had a short period of
populanty, and became known as the [lytic cocktail” Since their enthusiastic
reports appeared, the ever-growing number of potent psychosedatives encouraged
attempts at sisiilar combinations of phenothiazines with other analgesic drugs

During the past six years, a lull in these attempts became obvious because of
the wide-spread adoption of halothane Although this agent has many desirable
properties, there were a few who feared 1its potential dangers, particularly with
respect to the occurrence of cardiorespiratory depression, and they began to
favour 1ts azeotropic mixture with diethyl ether, which Hudon and his associates
first employed New fears have now arisen that halothane may have hepatotoxic
properties, that were perhaps not recogmzed earher Even though this possibility
1s obviously remote, and perhaps reflects the use of halothane with abandon or
without composite skill and judgment, substitute anaesthetics are eagerly bemng
sought again

In the meantime, the concept of general anaesthesia has been reviewed in the
Light of the growing versatihity provided by so many new parenteral drugs Lattle
and Stephen expressed the need for employing a combmaton of drugs in a way
that they called modern balanced anaesthesia,?® 1n order to improve patient care,
and Woodbridge looked mnto the terminology used m anaesthesia and felt that
our efforts to provide a balanced depression of the sensory, motor, reflex, and
mental modalities by appropriate drugs should be called nothra 27

In 1959, Janssen ntroduced two new groups of drugs One, the butyrophenones,
has neuro- and psycho-sedative properties similar to those of the phenothiazines
The other (mependine-like) has analgesic properhes of great potency, possibly
with little propensity to addiction In Europe, the combination of these drugs
has been well demonstrated by DeCastro and Mundeleer, and they have called




DOBKIN, A B SEDATIVES, ANALGESICS, AND ANTIDOTES 265

this alert analgeswa or neuroleptanalgesia because the analgesia 1s ntense whereas
the sedation causes httle or no hypnosis 2¢-31

Nilsson described the term neuroleptanalgesia as the anaesthetic techmque 1n
which the patient 1s premedicated with a drug which causes a state of apathy
and akinesia, to which 1s added a drug which 1s a potent analgesic He has out-
hned the value of combing a potent analgesic with' a neurosedative, but feels
that there 1s no advantage to having a patient awake durmg the apnoea pro-
duced by such mixtures, and favours the use of mtrous oxide to render the patient
unconscious 32 3%3¢ Jfe has had only lmmted success with this method, perhaps
mainly because the mndividual drugs were not yet sufficiently studied and human
bio-assay 1s a slow and tedious task 28 At first, the analgesics dextromoramide and
phenoperidine were combined with the neurosedative haloperidol 3637 38 Human
bio-assay of haloperidol has shown that 1t causes a relatively lugh mcidence of
cholmergic reactions, so the 1dea of using 1t 1n anaesthesia may be abandoned,?
even though some anaesthetists have lauded its use 2°

Currently, a closely related pair, having the generic names droperidol (seda-
tive) and fentanyl (analgesic) are bemng tried These have been combined n a
50 1 mixture now known as Innovan *° 4! Given together with mtrous oxide, this
combination provides excellent analgesia and hypnosis for operations not requir-
mg muscular relaxation Circulatory stabihty (blood pressure, heart rhythm, and
rate) attending this anaesthetic 1s a promment charactenishic Severe respiratory
depression occurs, but its duration 1s relatively shoit An interesting difficulty
caused by this mixture 1s ngidity of skeletal muscles, especially i the thoracic
cage, which 1s probably due to the cholinergic action of the analgesic Ths effect
can be reheved by the admmistration of a small dose of muscle relaxant It wall
be mnteresting to see if more disturbing cholnergic reactions will occur with this
mixture several hours after terrmnating a chimcal anaesthetic

It 1s worth companng this mixture with combinations of more widely known
intravenous agents having hypnotic, analgesic, and anti-emetic properties, for we
may then find numerous mixtures that might surpass mn efficacy the currently
available agents 4! However, there 1s one point that should be kept in mind if
intravenous muxtures such as the one described above come into common use
once mjected, they are wretrievable and we cannot back away as easily from an
untoward response as 1s possible with mhalation agents, and 1t 1s more difficult
to know what antidote to use in a given case, since we are always dealing with
at least two drugs with rather different properties

There 1s one other aspect of this form of anaesthesia which is worthy of
consideration 1t 1s clear that the patient may be conscious durmg this kind of
anaesthesia, as noted by Nilsson 3¢ When general anaesthesia 1s to be used, most
patients expect not only complete freedom from pain, but they usually desire also
a complete removal of conscious awareness, especially when they cannot breathe
without help *2 It 1s therefore important to regard this form of anaesthesia as one
requiring enough nitrous oxide to keep the patient “asleep,” and the anaesthetist
must be prepared to augment respiration at least to the end of the surgical proce-
dure at which time he may have to admimster an antinarcotic drug, and perhaps
also an antichohnergic drug Unfortunately, it 1s not feasible to admimster the
antinarcotic drugs during anaesthesia, for with analgesics such as phenopenidine




266 CANADIAN ANAESTHETISTS SOCIETY JOURNAL

and fentanyl all of the pharmacological éffects are reversed by drugs such as
nalorphme and levalorphan

ANIDO1ES

Mention of the woid analeptics among apaesthetists frequently conjures up the
vision of a cyanotic, frothing, convulsing patent, vainly gaspmg for breath
Thought on this subject has become so nigid that 1t 1s more sensible to apply the
term “antidote” to all supportive drugs and gases #3445 We may admimnister
oxygen and augment pulmonary ventilation to prevent or reverse hypoxia, pros-
tigmine or edrophonium to terminate skeletal muscle paralysis due to curanform
drugs, respiratory and cortical shmulants te counteract severe hypnotic depression,
antinarcotics to restore wakefulness and augment pulmonary ventlation which
has been depressed by narcotic analgesics| and vasopressois to restore adequate
peripheral vasomotor activity In most inslances, we also administer atropine or
other potent anticholnergic drugs to reduce the production of oropharyngeal
secretions, relax the tracheobronchial tree, prevent vommting, and block the
cholmergic effect of several of the sedatives and a few of the antidotes (prosthg-
mine, edrophonium) ( Table III)

At the termmation of every general anagsthetic, the removal of intense sensory
stimulation and the persistence of the potent hypnotic and analgesic effect of the
anaesthetic promote the occunience of severe respiratory depression This condi-
tion 1s aggravated by the hypoxia which may be due to the outwaid diffusion of
the anaesthetic gases Our efforts at this time should theiefore be directed to
increasing the depth and reducing the effort of bieathing, reducing peripheral
vasodilation and preventing cardiovascular depression, shortemng the period of
unconsciousness and depressed reflex activity, augmenting the elmnation of
mhaled anaesthetics, reversmg the action of imnjecied depressants and restoring
metabolic homeostasis 6 47 48

It 1s unfortunate that many anaesthetistq are reluctant to use antidotes because
they feel that such action 1s tantamount to admission of failure in the manage-
ment of the anaesthetic or that adequate skill was not exercised Even if thus
were the case, on occasion, why let the patient suffer and prolong their own
agony® Although 1t 1s rnitating to hsten to wailing adults and crying children,
we should be pleased when our patients are virtually wide awake soon after the
end of an anaesthetic and are luaid enough to complain of then morbid state,
for then they will usually breathe better, and cuculatory homeostasis will
probably return faster Switable measures can then be taken to make them more
comfortable without causing excessive depiession of vital functions

Recently, I heard the following comment by an anaesthetist “Some people
set great store mn the patient talking i the operating theatre as soon as the
anaesthetic ends, but I have yet to hear of a case in which the patient has made
any valuable contribution to knowledge or conversation at that time ” This clini-
cian undoubtedly was fortunate in having a well-staffed recovery room or inten-
sive care umt where his “poisoned” victims could be watched vagilantly until
they recovered and where he didn’t have to listen to any profound statements
Other chmacians have caused difficulty by theiwr actions, for, at the first sign of
active life following an operation, they promptly order a substantial dose of a
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TABLE I1I
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ICATIONS

SUMMARY OF SOME ANTIDOTES THAT ARE GENriERALLY USED IN

ANAESTHESIA, AND THEIR SPECIFIc IN

SEVERE RESPIRATORY DEPRESSION
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——— ¢ MICOREN
ETHAMIVAN

~, [ LORFAN

d) PSYCHOSEDATIVES

~ UNALORPHINE

e) PHARYNGEAL SECRETIONS ——> SUCTION
f) BRONCHOCONSTRICTION {(wheezing)

> AMPHETAMINE

SEVERE CIRCULATORY INSUFFICIENCY

ISOPROTERENOL
HYDROCORTISONE

{'PHENYLEPHRINE
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{AMINOPHYLLINE

a) SPINAL or GENERAL ANESTHES!A>
PERIPHERAL VASODILATION

BANDAGE LEGS

>{ METHOXAMINE
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b) MYOCARDIAL DEPRESSION

ELEVATE  LEf

}
t) HYPOVOLEMIA

38 —> LANATOSIDE C

METABOLIC ACIDOSIS

~> BLOOD TRANSFUSION

- S0DIUM BICARBONATL
ATROPINE

EXTRAPYRAMIDAL DISTURBANCES

>¢{ BENZTROPINE
\.BIPERIDLN

»ALPHAPRODINE +
“NALORPHINE

~»CHLORDIAZEPOXIDE
~CHLORPROMAZINE

« [ THIETHYLPERAZINE
~ LPERPHENAZINE

FOR PAIN <
POSTOPERATIVE RESTLESSNESS —> OXYGEN
SEDATION €

NAUSCA AND VOMITING

narcotic analgesic and return the patient to oblivion, with attendant severe 1es-
prratory depression Pan-rehieving drugs admimstered m the immediate post-
operative period certainly cause more pulmonary comphcations than does
infection, because they not only augment the respiratory depression due to the
persistence of anaesthesia, but they often provoke vormting (and aspiration) and
cardiovascular depression—which help 1o account, i part, for postoperative
mortahty, especially in those patients who already have chromic disease of the
heart and lungs *°

Assurance of an uneventful anaesthetic recovery 14 greatly augmented 1if early
wakefulness occurs after a general anaesthetic In the conscious healthy patient,
about one-third of the normal resting breathing s driven chemically, the
remainder bemg due to the wakeful stmulus (Fig 3) 4°%°5! Fink has demon-
strated this by administering two successive equal doses of thiopental The first
caused severe respiratory depression and a penod of apnoea After recovery of
respiration, but before recovery of wakefulness, the second injection caused
much less respiratory depression and did not cause apnoea

To restore wakefulness at the end of an anaesthetic without use of stumulant
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15
Wakeful Drive  accounts
for Z, of resp minute
volume
10
Ventilation €0, stimulus accounts
for 1/3
liters per min

DC02 mm Hg

Ficvre 3 The wakefulness-associated stimulus to respiration explamns in part why the onset
of rhythmic breathing often comcides with the first signs of wakefulness at the end of
controlled hyperventilation anaesthesia, as well as at the begmning of lhfe Observe that
depression of this stimulus with the onset of sleep accounts for the sharp decrease in sensitivity
to carbon dioxide at this me Oxygen breathing causes a shght decrease m sensitivity, whereas
mcreasing hypoxia causes a moderate mcrease m the sensitivity to carbon choxide

drugs requres considerable skill and judgment, which can be acquired only
after long practice Several of the drugs histed on the left side of Figure 2 can
be used m a dilute infusion with 5 per cent dextrose in water to hasten recovery
They are also useful in that their admimstration may be employed to indicate
whether ntercostal or diaphragmatc paralysis 1s present because of a persistent
action of a muscular relaxant, by watching for spasmodic movements of the
diaphragm, mtercostal muscles, and larynx accompanymg the rapid develop-
ment of signs of wakefulness If this occurs, an approprate dose of edrophonium
or prostigmine can be given a few minutes after admimstration of atropine, pro-
vided that succinylcholine has not been used If succmylchohne has been used,
breathmg should be assisted untill spontaneous efforts become effective and
adequate

It 1s wise mn carng for patients with severe emphysema or other types of severe
pulmonary impairment to give an antinarcotic drug such as nalorphine or levalor-
phan whenever narcotic analgesics are required postoperatively for the rehef of
pam Alternatively, nikethatmde (1000 mg ), etharmvan (500 mg ), micoren (500
mg ), or doxapram (200 mg ) may be given by dilute infusion until the patient
1s chmeally wide awake (Fig 4) In cases of prolonged anaesthesia, considerable
blood loss, mterference with the main vascular tree, and severe surgical trauma,
manmtol promotes restoraton of urnary excretion, and sodium bicarbonate
reverses the occurrence of postoperative metabohic acidosis Sodium bicarbonate
also appears to be effective 1n promoting early recovery of wakefulness 52
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RESPIRATORY STIMULANTS
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Ficure 4 Structural formula of some respiratory stymulants These are most
effecive when used i a dilute mtravenous infusion rather than by single
injection

INTERACTION OF DRrucs USED 1IN ANAESTHESIA

Of special mterest to the anaesthetist 1s the effect of drugs which provoke
alterations m the circulating blood level of endopenous substances such as
adrenahne, amne oxidase and 1its mhibitors, anhc]Eabnestemses, acetycholine,
antihistaminics, histamine and S5-hydroxytryptamine and their degradation
products, for in many nstances these substances influence the primary physiologi-
cal responses to anaesthesia, and can determine the degree of desirable and
undesuable reactions we may expect from a particular anaesthetic or ancillary
drug A few of these are depicted in Figuies 5A and 5B

Methods have now been developed which make 1t much easier to study the
effect of anaesthesia on the concentration of these endogenous substances in the
circulating blood 585455 Data of this kind help us to explamn also some of the
troublesome effects of anaesthetics 12-16 56,57

Detailed knowledge of the interaction of two or more drugs in the human body
has become very important because of the general trend to use of combmations
of drugs with diverse action, but mvestigation of this subject presents such
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comphcated aspects of biochemstry, pharma‘codynamlcs, and psychochemistry that
it has been difficult to study 1t adequately m a climcal setting Nevertheless, for
the sake of safety alone, great strides must now be made 3 There 1s no doubt
that, among chmeians, the anaesthetist has the most practical experience with
the use of drug mixtures, and he has also lthe best opportumty to expand avail-
able information on this subject

Pharmacologists who have studied the interaction of drugs have been con-
cerned with the confusing terminology| used in discussing these interac-
tions %8 79 ¢ For our purposes and for the sake of simpheity, drug interactions can
be discussed most easily if we open our thoughts mmtally to two general terms
synergism and antagonism

Veldstra®® defines synergism as follows | the combination of drugs effects a
certain response with a smaller number of molecules than that required for the
most achve compound separately, or m the range of suboptimal concentrations
the effect of a certain number of molecules of the compound 1s enhanced by the

mixture This defimtion has been appled to the terms potentiation and addition

as well

Schild, Loewe, and others have dealt with the far more complex problem of
drug antagomsm and antagomsts ¢'-% From the anaesthetist’s pomni of view the
conditions that -must be considered here are the route of admimstration, the
therapeutic dose range of drug pars, the relative tme of admimistration of each
of the partner drug doses, synchromzation jof time of admimstration with regard
to “tme of peak effect” or some specified starting poimnt for action of the two
partner doses, and duration of the principal action of the partner drugs to some
specified end-point of activity

The first step in determming the effect of two drugs 1s to construct dose
response curves for each of the partner drugs with respect to therr primary phai-
macological effects (e g analgesia) and thewr prominent undesirable side-effects
(e g vomting, apnoea), as shown m Figures 1A and 1B Then, in dealing with
the combmation of drugs, the place of the effect in the ordmate 1s replaced by
the partner drug, and hnes are drawn connecting those dose pairs which are
equally effective with regard to an adequaiely selected end-pomnt This 1s simlar
to the cartographer’s method adopted by Loewe 52

Gaddum has shown a way of depicting such experimental data®® as follows
When two drugs that have a similar effect (e g hypnotic sedation ) are combined,
the ordinate represents the doses which produce progressive eflectiveness with
respect to a predetermmed end-pomt (such as unconsciousness) Similarly, the
abscissa represents the doses of the partner drug which produce progressive
effectiveness with respect to the same end:pont (see Fig 6A) If the end-pomnt
effect 1s produced by combmations of the two drugs represented by ponts inside
the rectangle OACB the drugs are helping one another Ths 1s called synergism
If the end-pomt effect 1s just produced by combmations represented by points
on the straight line AB, the effects are said to be additive If the effect 1s pro-
duced by poimnts in the tnangle OAB, the effects may be said to be potentiated—
1e, the drugs produce more effect than would be expected by simple addition

If the presence of drug B necessitates the presence of a greater quantity of
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drug A than would be required to reach the same end-pomt by Rielf, drug B 1s
antagomzmg the effect of drug A, and the effect would be represented by pomts
above line AC Similarly, pomts to the right of hme CB ndicate that drug A 1s an
antagomist with respect to the effect of drug B

Gaddum recommends that the sumplest ' way of defiming the effect of an inter-
action 1s to admimster half the “effective dose” of each of two paitner drugs If
the combination causes the end-pomt effect, the actions of the two drugs are
additive, if the effect 1s much more, potentiation 1s occurring, if the effect 1s
much less, some form of antagomsm is occurring When the effect of antagonis-
tic drugs 1s plotted by combimng the LDso of one partner drug with varous
doses (LDj;, LDj, LDys) of the antagonistic partner, the line representing the dose
paurs with a combined LDj, effect 1s the “isobol” for that pair For combiations
of doses which fall above the isobol th¢ antagomsm is msufficient to reduce
mortality appreciably, whereas for ponty below the isobol, the antagonmism 1s
more effectve and the mortality rate 1s reduced The eflicacy of various mixtures
usmg sublethal doses of the partners can be determined for several clearly
defined end-points

Although this approach to the study of drug combinations 1s time-consuming
and perhaps cumbeisome, it yields valuable information, as 1s evident from the
excellent studies by Eerola, who used this technique to demonstrate clearly
that the effect of the mteraction of ethanol on toxicity of tranquillizers 1s an adds-
tive synergism, shghtly less than the algebraic sum of the individual drug effects,
and by Maykut and Kalow, who demonstrated the mteresting hypnotic and toxic
effects when procaine and pentobarbital are combined® (see Fig 6B)

Current information on this subject 1s too mnvolved for detailed discussion here,
but one 1dea 1s worth noting ® The effect of the combined action of two com-
pounds having the same primary site of action will not necessanly result m
synergism, but will generally even be unfavourable It appears that the competi-
tion for the drug receptor usually decreases the frequency of the best interac-
tions And, when the components of a ¢combination of drugs possess different
sites of action, and different types of activity, no plausible prediction about the
possibility of synergism or antagonism can be made unless thewr mode of action
18 well known This concept 1s quite different from the old law of Burgi, which
stated In combiming drugs with the same end-effect, the resulting activity 1s
additive when the sites of action of the components are 1dentical and superaddi-
tive if they are different 8

Some examples of interactions which are important to the anaesthetist are as
follows Acetylcholine action can be emormously enhanced by cholinesterase
inhibitors such as physostigmine, possibly by retarding its enzymahic decomposi-
tion % Cocame n combmation with adrenaline has a synergistic effect on the
pressor and mydnatic actions of the latter, possibly by mhibition of adrenaline
oxidation by the local anaesthetic (“pharmacological deprivation™) 7 Ipromazid
(a monoamine oxidase mhibitor) matkedly prolongs the action of serotomn pos-
sibly because monoamine oxidase mhibitors are potential synergists with respect
to serotomin "' Some 1ll-defined property of drugs with parasympathommebc
action (choline, neostigmine, physosugmine) enhances the action of analgesics




DOBKIN, A B SEDATIVES, ANALGESICS, AND ANTIDOTES 273

P T T T T T SRR~~~ — = == -

|
{
i
!
i
{
I
- B
|
- SYNERGIsS M !
= i
jou)
) i
A
- i
"
i
- |
e
= i
i i
Z POTENTIATION i
z |
- i
-
© 25 50 75 100 125
EFFECTIVE DOSE  OF DRUG B (%)
ADDITIVE SYNERGISM OF ETHANOL AND SEDATIVES
m__-_mzmmsmmm’mrw it
|
LD,  |ETHANOL =9 6| LD ) OF COMBINATION i
» B
 CHLORP . < FHLORPROMAZINE = 300
ROMAZINE = 560 STHANOL 23 @y
PROMAZINE = 320
: ROMA =
500 /’P ZINE 310< brgaNOL =60 @
PROME THAZINE = 320 :
| PROM -
/ ROMETHAZINE = 500/< pryanoL 56 Q@ I
HYDROXYZINE = 300 !
HYDROXY ZINE =
i 480|< raaNOL =68 ]
w
€3]
-
. E
B <« i
a
A 250 I
(433
. i
o I
o
ud
o

o eE=n o

5 10
LD, OF ETHANOL MG PER kG

Ficure 6 A Gaddum’s method of demonstratng graphically the mteraction of two drugs
used m combmmaton B Example from Eerola® showmg the effect of imteraction of ethanol
and four sedatives on LDs of mice



274 CANADIAN ANAESTHETISTS SOCIETY JOURNAL

such as morphine, possibly by a competitive 'antagomsm with respect to mole-
cules of the analgesic adsorbed to “sﬂ«!ent receptors,” thus rendering available
more molecules of the analgesic for its primary action ™ Alcohol does not have a
potentiating effect on the hypnotic depression produced by barbiturates but rather
an additive effect, which 1s depen lent upon the method of admmistration, 73
and 1s due possibly to an increase in the sensitivity of the tissues m the central
nervous system ¢ Antiistammic drugsi (eg diphenhydramine and prometha-
zme) as well as histamine prolong the sleepmg time of some barbiturates,™ 76 77
possibly because of an increased rate of penetration of the barbiturate mto the
bran under the mfluence of the antilustammes, and perhaps by mhibiting
pyruvate oxidation in bramn tissue, as well as by selective interference with gluta-
mate oxidation 7™ Chlorpromazine, reserpine, and serotommn increase the sensi-
tivity of the central nervous system to| barbiturates by a mech@amsm which 1s
still obscure ° 51

Nickerson has pomnted out that we have agents which form stable bonds with
a varniety of specific receptors and provide an mmportant tool for the analysis of
drug effects on endogenous substances in the body Knowledge of the distinct
receptors for adrenaline, histamine, acetylchohne, and serotonm make 1t possible
to study the mechanism of action of our anaesthetic drugs with far greater defi-
mtion and may help to explain some of the effects described above %3 %4 82

Many dangerous interactions have come to the attention of the anaesthetist
vicariously A deleterious reaction to mnduction of anaesthesia, or failure of res-
piration at the end of an uneventful anaesthetic, has frequently heralded the
first sign of an undesirable mteraction of drugs Dundee®® has reviewed a number
of these the hypotensive action of analgesics and anaesthetics becomes difficult
to control if the patient has been taking reserpine, or other antihypertensive
drugs The development of adrenocortical msufficiency due to prolonged use of
cortisone and 1ts analogues sets the stage for cardiovascular collapse if an anaesthe-
tic 1s given Recently, 1t was found that several of the broad spedtrum antibiotics
can cause severe respiratory depression following thewr peritoneal nstalla-
tion by a blocking action on neuromuscular transmission This effect 1s particu-
larly promment following anaesthesia with ether and curare® 8 Coma may
occur m patients receving amme-oxidase mhibitors if they are premedicated
with a narcotic analgesic,®® and alcohal can potentate the lethal effect of an
overdose of sedative drugs ® As more therapeutic agents are added to the phy-
sician’s store of medications, the hist of serious interactions with anaesthetics will
certainly grow longer |

We are all particularly aware that the desirable sedative response to psycho-
sedatives 1s not consistent®® and that syn‘erglsm of their undesirable effects occurs
when they are combined with other drugs 32 #° If we resort to a form of anaesthe-
sta which, by its nature, depends on the combination of several drugs with
diverse actions, the difficulties that might anse are awkward to cope with,
because 1t 1s at present too comphcated to analyse the mechanism of their com-
bined action, unless a representative vanety of combinations 1s studied first in a
carefully devised expernment designed to reveal all the probable short-term and
long-term effects that these drugs are capable of causing, either alone or
combmation
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COMMENTARY

My puipose n this review 1s to present a look at a large number of new drugs,
many of which have been recommended for tnal in anaesthesia, and to suggest
that we now have the possibihty of combimng some of these drugs m such a way
that more of the deswrable features of a safe and pleasant anaesthetic can be
developed than was ever possible betoire, with fewer physiological and metabolic
disturbances mn our surgical patients

Two precautionary reservations should be considered seriously prior to usmng
these new drugs in anaesthesia First, we must know and understand all the acute
effects that the new drugs (or combiations of drugs) are capable of producing,
Second, we should not, n our present state of knowledge, complicate an anaes-
thetic unnecessanly by using a combination of parenteral anaesthetic agents m a
poor-risk patient when we can give a smumpler, safer, and more satisfactory
anaesthetic with an inhalation agent such as cyclopropane, methoxyflurane, halo-
thane, fluroxene, or diethyl ether alone or reinforced with a relatively non
toxic concentration of nitrous oxide

The anaesthetist has been depicted by Bickford as a human linkage mn a feed-
back system which 1s essentially error-actuated °* Now, we are trying to develop
to a stage where we can predict and prevent variations that are deleterious to
our patients, as well as to devise combmations that are safe and have greater
efficacy than single agents However, our knowledge 1s still too meagre to adopt
the general use of drug combinations From our pont of view, the most important
aspect of the patient’s welfare involves mainly his respiiation, his circulation, and
his parenchymatous organs If we can find a sedative drug that causes adequate
preoperative psychic relaxation, an anaesthetic thal provides deep sensory deprn-
vation and hight hypnotic depression (or unconsciousness), and then if we can
restore wakefulness and adequate pulmonary ventilation promptly without
depressing liver function or circulatory dynamics, we shall have gone a long way
towards providing safer anaesthesia

Before we enthusiastically embrace the wide vanety of new and potent agents,
each one of us should first learn what the 1elatively healthy patient’s response
might be to such agents, alone, and then combination with our anaesthetics,
especially those whose pharmacological actions 1equire far greater definition 1n
man and whose mdividual efficacy has yet to be proved ?2% Those physicians
who are oriented towards pharmacodynamics and biochemistry must help us to
clanify further the action of anaesthetic drugs on the secretion of the several
known active biain substances,®* their relationship to endocrine effects,®” and
how the body 1s ultimately affected by these interactions °%-%® Careful chmnical
observations alone cannot give us the vital answers we seek

New agents aie bemng presented to us so rapidly that we can only improve our
patient’s anaesthesia by carefully evaluating these before using them on the very
111 But, to be sure that what 1s new 1s in fact much better requires the active
participation of far more chinicians than are currently engaged m such studies

Risumi

Dans ce travail, ya1 tiché de faire la lumiere sur un bon nombre de nouveaux
médicaments, dont plusieurs ont é1¢ mis a I'essa1 en anesthésie, j'a1 exprimé I'dée
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que nous pouvons maintenant assocter un certamn nombre de ces médicaments
afin de réaliser une anesthésie plus agréable et plus stire, tout en diminuant
Iatteinte physiologique et métabolhique chez nos opérés

Avant d’utiliser ces nouveaux médicaments en anesthésie, 1l faut faire deux
prudentes réserves D’abord, 1l faut connaitre et comprendre tous les effets ymmé-
diats que ces nouveaux médicaments (ou leur association) peuvent produire En
second lieu, dans I'état actuel de nos connaissances, nous ne devrions pas com-
promettre mutilement les résultats d’'une anesthésie chez un malade qui présente
un mauvais risque, en imjectant 3 ce malade un mélange d’agents anesthésiques,
il vaut mieux donner une anesthésie plus simple, plus siire et plus satisfaisante, en
utilisant non pas la voie parentérale mais la voie respiratore et des agents tels
que le cyclopropane, le méthoxyflurane, halothane, le fluroxéne ou Péther, seuls
ou associés au protoxyde d’azote, relativement peu toxique

Bickford déenit Tanesthésiste comme un étre intermédiaire quu profite de
Pexpérience de ses prédécesseurs et cherche a éviter leurs erreurs Maintenant,
nous tachons de prévorr et de prévemr les écarts dommageables 4 nos malades,
et nous cherchons des associations qui, en toute sécunté, sont plus efficaces que
des agents utihsés seuls Cependant, nos| connaissances sont encore trop vagues
pour que nous généralisions I'usage d’associations de médicaments A notre pomt
de vue, pour assurer au malade le maximum de sécurité, 1l faut tenr compte
surtout de sa respiration, de sa circulation et de ses organes parenchymateux Si
nous pouvons trouver un sédatif qui produit une bonne détente préopératoire, un
anesthésique qu abolit la sensibilité sans provoquer une hypnose trop piofonde
et si, par la suite, le réveil est précoce et la fonction respiratoire prompiement
rétablie sans attemte hépatique ou cuculatoire, nous aurons fait un grand pas vers
une plus grande sécunté en anesthésie

Avant d’utihser comamment de nouveaux agents puissants, nous devons con-
naitre 'action de chacun d’eux sm un syjet sam, pus leur action loisquils sont
assosiés a nos anesthésiques, cette précaution simpose surtout lmsquil sagt
d’agents dont l'action pharmacologique ést encore imprécise, et dont Iefhcacité
reste a prouver Les médecins spécialisés en pharmacodynamie et en biochimie
dowvent nous airder a préciser 'action des anesthésiques sur la sécrétion des sub-
stances cérébrales actives que nous connaissons, leurs effets sur les glandes
endocrines, et les résultats de ces actions combinées sur 'organistne humain Les
observations cliniques minutieuses ne peuvent a elles seules répondre a toutes nos
questions On nous présente s1 souvent de nouveaux agents que la seule fagon
d’améliorer notre anesthésie est de connaitre & fond ces médicaments avant de les
admimstrer a de grands malades Mais, pour nous assurer que ce qui est nouveau
est meilleur, 11 faudrait que beaucoup de chniciens s'mtéiessent a ces études
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