
SEDATIVES, ANALGESICS, ANTIDOTES, AND THEIR INTERACTION 
A REVIEW 

ALLEN IB DOBK N, M D ~ 

THE ANAESTHETIST lS harassed constantly by three needs m his ]ally work Each 
of these contributes to the things that make the d~fference bet~ een an "unevent- 

~elated part to ful anaesthetm' and one charged With ~omphcat!ons They are m 
our desire for drugs with specml propqrtms which can producc~ in the pataent a 
certain response without any delet~enoUs or other undesirable effect, and can be 
hsted as follows 

1 Sedataves which produce effectave psychic sedahon dunng the Immediate 
preoperatave penod, without provokang rmusea, vonutmg, s~vere respiratory 
depressmn, circulatory mstabdaty, histammq.-hke reactions, andl behavmural dis- 
turbances ~ 

2 Potent analKeslcs, with a relahvely short delay m onset and a short durataon 
of action, that do not cause s~de-effects~ as noted aigove ~3 Skeletal muscle relaxa- 
taon and deep"hypnosis (unconsCaousness) are not necessary features of the 
actaon of these agents, since we have statable relaxant drugs, and deep hypnosis 
or unconscaousness can be well prowded by mtrous oxide 4 

3 Antidotes winch can ensure rapid, smooth recovery to wakefulness and 
adequate breathing, wxthout provoking nausea, vomltang~ sngezmg, coughing, 
itching, or circulatory &sturbances These drugs should only be used when 
clearly mdlcated 5 

PSYCHI c SEDATION 

The introduction of drugs which ar~ 
mixed blessing to the anaesthetast Dur 
analgesms and hypnotacs alone (or lr 
desire to sedate a patient In the sea~ 
have been tested to see ff one meets tJ 
sought, and their actions compared 
these structurally is shown m Table I 
fit our needs has been hampered by 
partacular chemical groups, and by w 
dual representatives of each group of d: 

None of the drugs is a "perfect" se 
reduce a state of calm mdtfference t~ 
dose is mcreased to the range where to 
Aldous Huxley has stated that 

capable of producing tyanqudhty was a 
ag the past decade, we have  reahzed that 
combination) do not always satasfy the 

ch for better sedataves, many new drugs 
ns real need, but  better ones must stall be 
,lth those already m us~ A summary of 
Selection of the best one among these to 

the wide dose range of the drugs within 
triable side-effects that occur with mdavi- 
:ugs, as indicated m Tabl~ I 
datwe m the sense that ~t will invariably 
) a major stress s~tuataon, even when the 
xac effects are seen too frequently ( ~> 25%) 

the perfect tranqulhzer should be a drug yvtudh would reheve and console our suffering 
specms without domg more harm m the 10ng run than it does good m the short It must 
be less hkely to produce undesirable socfal consequences than alcohol or barbiturates, 
less lmmlcal to the heart and lungs thafi the tar and mcohne of cigarettes It should 
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produce changes in conscmusne~s more pleasant and l more mhmsmally valuable than 
mere hypnotic sedation or dreaminess, delusmns of ontmpotence or release from 
inhibition 

This ~s shll a fantasy, and apphes, of course, to drug, i, that will be used over a 
protracted period of tame 

1here are dwergent opinions regarding the use of s~datwe drugs m premedl- 
cahon Some feel that none should be used--parhct.larly narcotm analgesm!, ~ 
and non-barbiturate sedatavesT-whde others hke to use enough to "obtund, 
obnubllate and obfuscate-s Beecher has asserted that there as no place for anal- 
gesms m premedmatlon unless the patient has pau~, mainly because a true 
sedative actmn as only evident when pare as relieved Other~ease nausea, itchiness, 
and respiratory depression become thmr most p~oma:~ent effects Many dashke 
the barbiturates because they cause confusaonal states, especially an the elderly, 
an whom a sensatmn of unreahty accompames the induced half-asleep state, 
which increases the alarm caused by an unfamflmr em aronment Psychosedatwes 
are feared because they may cause or augment depressmn of circulation a~Ld 
resplrahon Neurosedatwes are not widely used becmlse most of them must be 
gwen over a period of seveIal days before an adequate sedatwe effect becomes 
apparent 

The use of psycho- and neuro-sedataves in psychmhlm piactace as rather dafter- 
ent from that an anaesthesm because the type of a@aet T that appears m the 
psychotac patmnt has no obvious purpose, yet reqmrts long therapy with large 
doses to allay the patient's symptoms, whereas the pleoperatave pataent usually 
has good reason to be anxaous and even better reasons to be rendered tranqml 
in a re]atavely short time Thas c a n  be accomphshed by ludmlous use of psycho- 
sedatives and is ample reason for us to continue stud)crag these drugs carefully, 
and to persist m our quest for drugs that can consistently allay a patient's fears 
after a single m}ectmn 

Even more important to the anaesthetist than being able to provide a highly 
consistent sedative effect with a drug as the reqmrement foL a lack of undestrable 
physmlogacal disturbances, such as hypotensmn (especially an the hypertensive 
patient), respiratory depressmn (particularly in the patient with emphysema ), 
extrapyramadal effects ("twltchmess," restlessness, muscle spasms), and allergic- 
type reactions Some of the undesirable responses to se~datave and analgesm drugs 
m the all pataent are shown in Table II 

Nodme and ins assocmtes have d~scussed the human bin-assay of psychosedatave 
drugs and have suggested that when the efficacy of these drugs as studmd, tlhe 
percentage of patients showmg moderate to marked amprovement should "be 
plotted against the loganthm of the dose 9 At any low dose level, 30 to 40 per 
cent oi pataents may be expected to respond because of a placebo effect As tlhe 
dose as increased, a higher percentage of patmnts should respond untd a maxa- 
mum as reached, leaving only a few patients who do not respond adequately to 
the drug The mcldence of toxin effects should be plotted an the same way, 
defining a toxin effect as one whxeh as suflqcmntly seve~ELe an the pataent and alarm- 
mg "to the physician that admlmstratmn of the drug as discontinued or the dose as 
lowered Figures 1A and 1B show the fypmal response that may be expected 
from a satisfactory and an unsatisfactory sedatwe drug 
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DOBKINT, A R SEDATIVES, ANALGESICS, AN D IANTIVOTES 2B1 
HUMAN BIOASSAY OF A GOOD SEDATIVE DRUG HUMAN !BIOAS~Ay Ol A POOR SEDATIVE DRUC~ 
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A B 
Fictm~ 1 Human bloassay of a good (A) and a poor (B)I sedatxve drug Observe that a 

drug should be effective m at least 75 per cent of pata-ents (EEho) at a dose level that does not 
cause toxic effects m more than 25 per cent of pabents (TD~) Otherwise the drug must be 
consldeled unsmtable as a sedative In anaesthebc pracbce, ~lve should use only those drugs 
wxth a ve~  wade therapeulae index (TD~ should be three tmae~ greater than ED~5 ). 

Since psychosedatwe drugs are seldom used mot, 
assocaabon with a single anaesthebe, at is reasonable 
t~o effecbveness should be at least 95 per cent watho 
and the "best" dose of the drug should be no more 

which causes toxac effects in 25 per cent of pattents II 
there should always be another drug available whl, 
reheves the toxlcaty, and winch itself should be wrb 
m the therapeutae dose range 

than once m a pataent an 
:o expect that the therapeu- 
at appreciable toxic effects, 
than one tinrd of the dose 
a toxic effect does develop, 

,h effectwely and promptly 
Lally 100 per cent non-torae 

Hebb beheves that the nervous system produces ..spontaneous activity and it 
reqmres outside sbmulatlon to use up the energy produced He has suggested 
that the "cue response" and the intensity of arousal ot 
are separate funcbons 10 Many of the drugs used in 
may be fitted into a bell-shaped curve, the abscissa 
intensity of arousal acbvlty and represents non-spec 
the ordinate of wlnch corresponds to the cue value of 
well-orgamzed, goal-dtrected behawour (Fig 2) 

the central nervous system 
~ssoclabon with anaesthesm 
~f winch corresponds to the 
~e nervous stanulabon, and 
a sbmulus winch represents 

Most of the avadab]e phenotinazme-related psych0sedataves are shown m the 
central section of tins figure I have placed them m thss central posltaon because 
they M~Fect the psychomotor system m dafferent waysi depending on their chetml- 
ca] side-chain structure and upon the psychic state 6f th~.~subject They can not 
only suppress severe agltabon and reduce a mamc patient to a placid state, but  
they can somebmes cause wide mood swings m the relabvely normal individual 
--from a state of indifference and drowsiness to one of paine and catatonm On 
the other hand, the pabent who is weak and ill from, a physical ailment is easily 
put to sleep, and, with excess, may go into coma, for these drugs have a pot~ent 
depressant effect on the })ram stem arousal mechamsm 11 I 

The usual response m the "normal" sub]cot to a psyehosedabve may 'be  
expected to vary from a mild hypnotic reacbon-wineh merely depresses the 
oereblal cortex and raises the threshold of the central nervous system, caus:mg 
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DOBKIN, A B SEDATIVF~, ANALGESICS , AND AN,TmOTES 263 

mdd sensory depnvatlon, that enforces drowsl~aess 0r sleep-to a potent ne~uro- 
sedatlon-whmh depresses the motor overactrqxtv Seen in anxiety and tension 
states 

Blochemlcally, these drugs have varying de~ees of antaepmephnne-antl~ore- 
pmephrme, antlacetylchohne, antlserotonm, an d anubastammm activities, wrnch 
change the balance among these neurohormqnes, / and may cause a block or 
"derailment" of the transmission of vanous impulses Conversely, they may facili- 
tate and produce excesswe nervous (motor and ,sens0ry) stimulation 12-16 Perhap s 
this may explain why some of these drugs ( e g ipromethazme and perphenaz~ne) 
occasionally pIoduce marked restlessness and ~a "tiwltchy" feehng the sublect 
b o 1 " ' "  ' ee m ng as tranquil as a cat on a hot tm roof , wtnle others, such as levome- 
promazme (methotr,meprazme), can produce such intense sensory depnvat,on 
that its properties cannot be dlstmgmshed from tho,~e of a potent analgesic drug 
such as morphine 17 18 

On the nght side of Figure 2 is a hst of sedatwe c]lrugs, which are dwaded into 
three groups hypnosedatlves, neurosedatwes, and armlge'~lC sedatives 1 

Many of the hypno- and neuro-sedatlves are daffk!r to prepare for parentera 
use Their action is relatively slow m onset, but when gwen m adequate dosage 
they are very useful agents for providing several hotlrs of sleep Aside from hang- 
over after wakening, they have no apprecmble s~de-effects Chlordmzepoxade 
(Methammodiazepoxlde, Llbrmm) is the newest among these and is now avail- 
able for parenteral use When gwen by this route, 11~ appears to be very effec~tave 
for providing hght, relaxed sleep I have used it as the sole hypnotlc-neursoseda- 

V I ta e for elderly patients receiving spinal anaesthesu~ The sedation it provides is 
unsurpassed, because a single dose causes excellen~ sedatmn, and it is entirely 
free of undesirable effects It as equally effective fol sedatmn befole general 
anaesthesia 19 

Most of the neurosedatwes are not of particular Ivalue to the anaesthettst for 
use m premedlcatmn because their action ~s too wqak after a single admmlStra- 
tmn When a large dose is 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 acetylchohne which, m turn, produces a 
restless subject, or one with severe neuromuscular|disturbances (e g grinding 
teeth, tortacolhs) This react-ton can be reheved b7 admmlstratmn of an antn- 
chohnerglc drug such as atropine or benztropme Spch a reactmn is rarely Seen 
with the phenothmzme denvatwes after a smgle~dmmlstratlon, but it is a 
common reaction to halopendol-whlch frequently 9auses a de layed  r eac twn  of 
this kind 20 Among these neurosedatwes, hydroxyzme (a dlphenylmethane), 
meprobamate (a propanedlol), and dropendol (a butyrophenone) are the most 
acttve and are currently viewed as very useful sedatiVes for preoperatwe seda~mn 

Greater advantage may be taken of some of the hypnotic and neuro seda[wes 
for use an ehmcal anaesthesm by comblmng one O f them with a potent, non- 
addicting analgesm drug By careful selection among the drugs m Table I, the 
undestrable effects of a pair may be mutually blocked, and theft useful effects 
enhanced Such drug combinations have been used: to provide "alert analgesm" 
or "neuroleptanalgesla," and are discussed in the following section 
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"ALERT ANAI_GESIA," NEui~G,ILEPTANALGESIA, N o T m ~  

Two or more anaesthetic agents have been combined ever since Clover used 
mtrous orade to facdltate mductmn of anOesthesm with dmthyl ether, and dlethyl 
ether to reduce the amount of ehloroforu I requtred for maintenance of anaesthe- 
sm 2~ After the turn of the century, r~o selllOUS attempts were made to extend tins 
idea because of the paucity of avadable ,trugs In 1926, Lundy suggested the use 
of a balanced anaesthetic techmque~ whch consisted of sedatave drugs for pre- 
medicataon, light general anaesthesia, an 
thesla to reduce the amount of toxin g, 
technique satisfied CrIle's physmlogma] 
should be used to suppress the noxious 
psychae depression (unconsciousness) 
anaesthesia e2 Today, this concept as apph 

d the adchtIonal use of regional anaes- 
,neral anaesthetic drugs leqmred Thas 

reasomng, that regmnal anaesthesia 
timuh from the operative site, allowing 

be achmved with much less general 
ed widely 

After Gnfflth introduced curare for muscula~r relaxataon, in 1942, attempts were 
renewed to combine agents physically 3[In lq47 Baird combined thmpental and 
d-tubocurarine m a fixed mixture (100 
mtrous oxide Man} of the physaclans 
About the same time, others eombinec 
parenteral curare* 24 Ol meperidme 2 Aft~ 
derivatives as adlunets to anaesthesia by ] 
taon of chlorpromazme, promethazme, 

3) for intravenous use, 2'~ reinforced by 
he trained still favour this techmque 

the inhalation of nitrous oxade w~th 
r the mtroductacn of the phenothmzme 

k 

~aborit and Huguenard, a fixed combma- 
md mependme had a short period of 

popularity, and became known as the i'lytic cocktail " Since their enthusiastic 
reports appeared, the ever-growing number o~ potent psychosedatives encouraged 
attempts at slmdar combmataons of phenothlazanes with other analgesm drugs 2~ 

During the past six years, a lull m these attempts became obwous because of 
the wide-spread adoption of halothane ,Although this agent has many desirable 
properties, there were a few who feared its potential dangers, partmularly with 
respect to the occurrence of eardloresplratory depression, and they began to 
favour its azeotropm mixture with diethy] ether, whmh Hudon and Ins associates 
first employed New fears halve now arisen that halothane may have hepatotoxm 
propertms, that were perhaps not recognized earlier Even though this possibility 
is obviously remote, and perhaps reflects the use of halothane *r162 abandon or 
without composite skdl and ludgrnent, substitute anaesthelacs are eagerly being 
sought again 

In the meantmle, the concept of general anaesthesia has been reviewed m the 
hght of the growing versatdity provided by so many new parenteral drugs L~ttle 
and Stephen expressed the need for employing a eombInataon of drugs m a way 

IL 2 6  that they called modern balzmced anaes~hesuz, m order to improve patient care, 
and Woodbndge looked Into the terminology used m anaesthe~,ia and felt that 
our efforts to prowde a balanced depressmn of the sensory, motor, reflex, and 
mental modahtms by appropriate drugs should be called nothna 27 

In 1959, Janssen introduced two new groups of drugs One, the butyrophenones, 
has neuro- and psycho-sedatwe properties snmdar to those of the phenothmzmes 
The other (mependme-hke) has analgesic properties of great potency, ]possibly 
with httle propensl~ to addiction In Europe, the combmahon of these drugs 
has been well demonstrated by DeCastro and Mundeleer, and tlhey have called 
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thas alert analgesia or neuroleptanalges~a because the ~nalgesm is intense whereas 
the sedataon causes httle or no hypnosis 28-31 

Ndsso,n described the term neuroleptanalgesla as the anaesthetae techmque m 
wbaeh the pataent is premedicated with a drug whmlh causes a state of apathy 
and akmesla, to which as added a drug which is a portent analgesm He has out- 
hned the value of comblmng a potent analgesm w~th / a neurosedalave, but feels 
that there as no advantage to having a patient awake during the apnoea pro- 
duced by such mtxtures, and favours the use of nitrous: exude to render the palaent 
unconsemus 32 ~,34 He has had only hrmted success with t h s  method, perhaps 
mainly because the m&wdual drugs were not yet suffilcmn~dy studied and human 
blo-assay ~s a slow and tedmus task a~ At first, the ana]igesms dextromoramlde and 
phenopendme were combined w~th the neurosedatlw halopendol a0,s7 ~8 Human 
bin-assay of halopendol has shown that it causes a relalagely high mcldenee of 
ehohnergm reachons, so the xdea of using ~t an anaesthesia may be abandoned, ~~ 
even though some anaesthetasts have lauded its use 39 

,Currently, a closely related pair, having the gener. 
lave) and fentanyl (analgesic) are being tried Thes, 
50 1 mixture now known as Innovan 40 4~ Given toge~ 
combmalaon provades excellent analgesia and hypnosJ 
mg muscular relaxalaon Circulatory stabihty (blood 
rate) attending this anaesthetic is a prominent char~ 
depression occurs, but its duralaon is relatavely she 
caused by t_has mixture is ngl&ty of skeletal muscle, 

!c names dropendol (seda- 
have been combined m a 

aer with mtrous exude, tj~as 
s for operataons not reqmr- 
)ressure, heart rhythm, and 
etensttc Severe respiratory 
.t An interesting d~fllculty 
~, especially m the thoracic 

cage, which is probably due to the ehohnergm actaon of the analgesic This effect 
can be reheved by the adrnm~stratmn of a small dos~ t of muscle relaxant It vnll 
be mtelestmg to see if more disturbing ehohnergic relactaons will occur with thus 
mixture several hours after terminating a ehmeal anaesthette 

It is worth companng this mixture with combma~r[ons ,of more widely known 
intravenous agents havmg hypnotic, analgesm, and ar~tl-emehc properties, for we 
may then find numerous mtxtures that might surpass m efficacy the currently 
available agents 41 However, there is one point that should be kept m mind ff 
intravenous m~xtures such as the one described above come rote common use 
once m]ected, they are irretrievable and we cannot back away as easily from an 
untoward response as ~s possible with lnha]atmn agents, and ~t is more chfllcult 
to know what antidote to use m a given case, since we are always deahng with 
at least two drugs with rather different propertms 

There is one other aspect of this form of anaesthesia wluch is worthy of 
conslderataon at is clear that the patlen~ may be conscious during tins kind of 
anaesthesia, as noted by Ndsson 34 When general anaesthesia is to be used, most 
patients expect not only complete freedom from pain, but they usually desire Mso 
a comp]ete removal of conscious awareness, e~peeiallg when they cannot breathe 
w~thout help 42 It as therefore ~mportant to regard this fo~m of anaesthesia as one 
requmng enough mtrous oxide to keep the patient "asleep," and the anaesthetist 
must be prepared to augment resp~ratmn at ].east to the end of the surgmal pmce- 
d~re at winch hme he may have to administer an antlnarcotm drug, and perhaps 
also an antmhohnergm drug [Tnfortunately, it is not feasible to administer Ithe 
antmareotm drugs during anaesthesm, for w~th anaigesms such as phenopendme 
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and fentanyl all of the pharmacologacal ~ffects are reversed by drugs such as 
nalorphme and levalorphan 

ANrmO~FS 

Mentaon of the wo:d analeptms among a 
v:smn of a eyanohc, frothing, convulsm l 
Thought on tins subject has become so ng 
term "antidote" to all supportwe drugs a 
oxygen and augment pulmona: T ventflatto 
tagmme or edrophonmm to terminate skelc 

aaeslhetasts frequently conlures up the 
,r patUent, vamly gasping for breath 
id that :t is more sens:ble to apply the 
rid gases 4.43.44,5 We may admmlstel 
n to prevent or reverse hypoxta, pros- 
tal muscle paralysas due to curarfform 

drugs, respiratory and corhcal sUmulants to countel act severe hypnohe depression, 
anhnarcotaes to resto:e wakefulness and augment pulmonary ventalataon winch 
has been depressed by narcot:c analgesms I and. vasopressols to restore adequate 
peripheral vasomotor actwatv In most msllances, we also admmaster atropine or 
other potent anhchohnergm drugs to reduce the productmn of oropharyngeal 
secretaons, relax the tracheobronchml tree, prevent vommng, and block the 
chohnergm effect of several of the sedatwes and a few of the antadotes (proshg- 
mane, edrophomum ) ( Table III)  

At the termination of every general anaCsthehc, the removal of intense sensory 
stamulahon and the persistence of the potent hypnotac and analgesic effect of the 
anaesthetic promote the occunence of severe respiratory depressmn Tins condl- 
tmn as aggravated by the hypoxm wh:ch may be due to the outwa:d ddIusmn of 
the anaesthetac gases Our efforts at thlslt~me should thelefore be directed to 
increasing the depth and reducing the effort ,of bleathmg, reduc,ng peripheral 
vasodllat:on and preventing cardaovascular depressmn, shortening the period of 
unconscmusness and depressed reflex aclhvlty, augmenting the elnmnatlon of 
inhaled anaesthetics, reversing the actxon of rejected depressants and restoring 
metabohc homeostas:s ~ ~7 4s 

It ~s unfortunate that many anaesthetast,I are reluctant to use antidotes because 
they feel that such action ~s tantamount ~o adm~ssmn of fadure m the manage- 
ment of the anaesthehc or that adequate skdl was not exercised Even ff thts 
were the case, on occas:on, why let the patmnt suffer and prolong thear own 
agony~ Although at ~s ~nltatang to hsten to wading adults and crying chddren, 
we should be pleased when our patmnts are wtrhmlly w:de awake soon after the 
end of an anaesthetm and are lucad enough to complain of the:: morbid state, 
for then they wdl usually breathe better, and caaculatory homoostas:s w:ll 
probably return faste: Su:table measures can then be taken to make them more 
comfortable wathout causing e~:cess:ve dep:essmn of vital funchons 

Recently, I heard the following c o m m e n t  by an anaesthetast "Some people 
set great store m the patient talking m the operating theatre as soon as the 
anaesthetm ends, but I have yet to hear of a case m whmh the pahent has made 
any valuable contr:but!on to knowledge or conversatmn at that tame " Th~s chm- 
cmn undoubtedly was fortunate m hawng a well-staffed recovery room or anten- 
swe care umt where his "po:soned" wct~ms cou|d be watched vigilantly untd 
they recovered and where he dadn't have to hsten to any profound statements 
Other chmcmns have caused d~ff~culty b:r their achons, for, at the first sign of 
actwe life following an operat:on, they promptly order a substantml dose of a 
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TABLE III 
SUMMARY OF SOME ANTIDOTES THAT ARE GENIERALLY USED IN 

ANAESTHESIA, AND THEm SPECIFIC INDICATIONS 

{ ALL DRUGS 

SEVERE RESPIRATORY DEPRESSION 

o) CURARE => ATROPINE 

ANTIDOTES 
SHOULD BE GIVEN i V } 

ASSIST RESPIRATION 
b) HYPNOTICS ~ CONTROL AIRWAY 

c) ANALGESICS 

(J) PSYCHOSEDATIVES 
~)PHARYNGEAL SECRETIONS - - -~  SUCTION 
I) BRONCHOCONSTRETION {wheezBn(j) 

SEVERE CIRCULATORY INSUFFICIENCY 
o) SPINAL or GENERAL ANESTHESIA-.~. 

PERIPHERAL VASODILATION~[ 
b)~IYOCARDIAL DEPRESSION ~( 
c) HYPOVOLEMIA J 

METABOLIC ACIDOSIS 

EXTRAPYRAMIDAL DISTURBANCES 

POSTOPERATIVE RESTLESSNESS ~ >  OXYGEN 

(PROSTIGMINE 
I---~ EDROPHONIUM 

(DOXAPRAM 
- - I  ~MICOREN 

LETHAMIVAN 
~/LORFAN 

LNALORPHINE 
> AMPHETAMINE 

fAMINOPHYLLINE 
> ~ISOPROTERENOL 

LHYDROCORTISONE 
(PHENYLEPHRINE 

>4~iVIETHOXAMINE 
BANDAGE LEGS LANGIOTENSIN 
ELEVATE LE!I;_S-), LANATOSIDE C 

,~t----> BLOOD TRANSFUSION 
.,---=-> SODIUM BICARBONATt. 

{ATROPINE 
,~BENZTROPINE 

LBIPERID&N 
<,, ALPHAPRODINE + 

FOR PAIN "NALORPHINE 

5 EDAII iON </CHLORDIAZEPOXIDE 
"CHLORPROMAZlNE 

NAUSI:A AND VONITING 
[ THIETHY LPE R AZINE 
% 

LPERPHENAZlNE 
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narcobc analgesm and return the patient to obhvmn, with attendant severe ~es- 
p]ratory depresmon Pam-rehewng drugs admmnlste~,ed m the lmmedzate p~yst- 
operabve period certainly cause more pulmonary compheahons than does 
mfeebon, because they not only augment the respiratory depression due to the 
permstenee of anaesthesm, but they often provoke vomiting (and asplrabon) and 
cardiovascular depressmn-whleh help i o account, m part, for pos'toperatlve 
mortah~, espee]aly m those pahents who already have chrome disease of the 
heart and lungs 4. 

Assurance of an uneventful anaesthetic recovery ~,~l greatly augmented ff early 
wakefulness occurs after a general anaesthetm In the eonsemus healthy patmnt, 
about one-third of the normal resbng breathmg is driven ehemmally, the 
remander being due to the wakeful stmmlus (Fig 3) 4~ ~0 ~1 Fmk has demon- 
strated th~s by admmlstenng two successive equal doses of thmpenta] The first 
caused severe respiratory depressmn and[ a period of apnoea After recovery' of 
resplrabon, but before recovery of wakefulness, the second mieebon caused 
much less respiratory depressmn and did not cause apnoea 

To restore wakefulness at the end of an anaesthebe w~thout use of shmulant 
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Fmvm~ 3 The wakefulness-assocmted stamu_[us to resplratmn explaans m part why the onset 
of rhythrmc breathing often coincides with the arst signs of wakefulness at the end of 
controlled hyperventrlataon anaesthesm, as w~ll a,, at the begmmng of life Observe that 
depressmn of this staanulus with the onset of sl,~ep accounts for the sharp decrease m sensmvaty 
to carbon choxade at thas taane Oxygen breathing catrses a shght decrease m sensltavlty, whereas 
mcreasang hypoxm causes a moderate increase an the sensmvaty to carbon &oxide 

drugs reqmres consaderable skall and judgment, wknch can be acquired only 
after long practace Several of the drugs hsted on the left side of Figure 2 can 
be used m a dilute lrffusmn w~th 5 per cent dextrose m water to hasten recovery 
They are also useful m that thear adrnlrastratlon may be employed to indicate 
whether intercostal or &aphragraatac paralysis is present becau!~e of a persistent 
action of a muscular relaxant, by wa~tchmg for spasraodm movements of the 
daaphragrn, intercostal muscles, and larym< accorapanymg the rapid develop- 
ment of sagns of wakefulness If this occurs, an appropriate dose of edrophoraum 
or prost~grame can be gxven a few minutes after adraamstratmn of atropine, pro- 
vided that succmylchohne has not  beea used If sueemylcholme has been used, 
breathrag should be assisted until spontaneous efforts become effectxve and 
adequate 

It as wise an canng for pataents w,th ,tevere emphysema or other types of severe 
puknonary ampa~rrnent to g~ve an anhnarcotlc drug such as nalorphme or levalor- 
phan whenever narcetac analgesms are required postoperatavely for the rebel of 
pare Alternatavely, mketham~de (1000 mg ), etharaavan (500 rag ), mlcoren (509 
rag ), or doxaprara (209 rag ) raay be g,ven by dilute lrffusaon untL1 the pataent 
as chmcally wide awake (Fig 4) ]In cases of prolonged anaesthesm, considerable 
blood loss, interference w~th the raam vascular tree, and severe surgmat trauma, 
manmtol promotes restora~on of urinary excretmn, and sodmm bmarbonate 
reverses the occurrence of postoperatwe metabohc acadosas S~hum bicarbonate 
also appears to be effective m promoting early recovery of wakefulness ~ 
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RESPIRATORY STIMULANTS 

O 

O -C-N--(C2H5) 

NIKETHAMIDE 

O 

CH 30 ~ ' ~ ' : ' , ,  - C- N=(C2H 5)2 

ETHAMIVAN 

O O 

C2H5-~ H-C-N~(CH3)2 + C2H5~ H'C-N=(CH3)2 

C2H 5 -N -(~- CH= C2 H4 MI COREN Call 7 - N- ~,~[I- CH=C 2 H 4 

/ - %  

~ - CH2CH 2- N O 
k,-/ 

I 

C2H 5 
DOXAPRAM 

HC1 . H20 

FIcvla~. 4 Structural formula of some resp,rato.ry shmulants These are most 
effechve when used m a chlute intravenous mfusmn rather than by single 
mlectmn 

iNTERAC'nON OF D~ucs USED IN AN~STJ~S~ 

Of specaal interest to the anaesthetlst is the effect ot drugs which provoke 
alterahons m the circulating blood level of endogenous substances such as 
adrenahne, annne omdase and ~ts mhabltors, antachohnesterases, acetychol~ne, 
anhha~tammlcs, histamine and 5-hydroxytryptamme and their degradahon 
products, for m many instances these substances influence the primary physmlogl- 
ca] responses to anaesthesm, and can determine the degree of desirable ~md 
undesnable reachons we may expect from a parhcular anaesthehc or ancs 
drug A few of these are depmted m Flgmes 5A and 5B 

Mes have now been developed whach make ~t much castor to study the 
effect of anaesthesia on the concentration of these endogenous substances m the 
clreulahng blood 58 54 55 Data os ths kind help us to explain also some of the 
troublesome effects of anaesthehcs ~2-~6 56,57 

Detaaled knowledge of the mterachon of two or more drugs m the human body 
has become very nnportant because of the general trend to use of eombmahlons 
of drugs w~th dwerse achon, but mvest~gahon of thxs subject presents such 
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compheated aspects of bmehemlstry, pharmaeodynamms, and psychoehemlstry that 
it has been d~flqcult to study it adequately :m a dmmal setting NeVertheless, for 
the sake of safety alone, great strides must n o w  be made a5 Ther~ is no doubt 
that, among chmmans, the anaesthehst hals the most practmal experience wath 
the use of drug mixtures, and he has also the best opportumty to expand avml- 
able mformatmn on this sublect 

Pharmaeologasts who have studmd the anteractmn of drugs have been con- 
cerned wath the confusing terminology l used m &seussmg these mterac- 
taons ~s 59 60 For our purposes and for the sa~e of slmpheaty, drug mteraehons ca_n 
be dascussed most easily ff we open our tb~oughts mataally to two general terms 
synergasm and antagomsm 

Veldstra 6~ defines synergasm as follows the combmatmn of drugs effects a 
certain response with a smaller number of molecules than that reqmred for the 
most achve compound separately, or an the range of suboptamal concentratmns 
the effect of a certain number of molecules, of the compound as enhanced by the 
mixture Thas defimtmn has been apphed to the terms potent,at ,on and addition 
as w e l l  

Scl'uld, Loewe, and others have dealt w 
drug antagomsm and antagomsts 6~_64 Fror 
eon&tmns that 'must be consadered here 
therapeuhe dose range of drug pairs, the r 
of the partner drug doses, synchromzatmn 
to "tame of peak effect" or some specified 
partner doses, and duratmn of the pnnelp~ 
specified end-point of actawty 

tth the far more complex problem of 
the anaesthetast's poml of wew the 

~re the route of admlmstratmn, the 
dahve tame of admmlstrataon of each 
of hme of admmlstratmn wath regard 
staItmg point for actmn of the two 

,1 actmn of the partner drugs to some 

The first step m detenmnmg the effect of two drugs is to construct dose 
response curves for each of the partnei drugs with respect to thmr primary phal- 
macologmal effects ( e g analgesia) and their prominent undesirable side-effects 
(e g vomlang, apnoea), as shown m Figures 1A and 1B Then, m deahng with 
the combmataon of drugs, the place of the effect in the ordinate as replaced by 
the partner drug, and lanes are drawn connechng those dose pairs whmh are 
equally ef[echve wath regard to an adequa~dy ,,elected end-point This is similar 
to the cartographer's method adopted by Loewe 62 

Gaddum has shown a way of deplchng suclh experimental data '~ as follows 
When two drugs that have a slmdar effect ( e g hypnotm sedation) are combined, 
the ordinate represents the doses which produce progresswe effeehveness wath 
respect to a predetermined end-point (such as unconscmusness) Similarly, the 
absmssa represents the doses of the partner drug whmh produce progresswe 
effechveness with respect to the same end,pomt (see Fig 6A) If ~he end-point 
effect is produced by combmahons of the two drugs represented by points reside 
the rectangle O A C B  the drugs are helping one another This as called synergism 
If the end-point effect as lust produced by eombmataons represented by points 
on the straight hne AB, the effects are sa~d to be ad&tave If the effect as pro- 
duced by points an the triangle OAB, the effects may be said to be potentmted- 
1 e, the drags produce more effect than would be expected by sample ad&hon 

If the presence of drug B neeessatates ~he presence of a greater quantaty of 
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A 

. . . . . . . . . . . . . . . . . . . . .  I i ' ' 
AGGRAVATION OF THE NEUROENDOCRINE SYSTEM'S RESPONSE TO !N,JURY BY ANAESTHESIA 

PENTAZOCINE Hypoxm DIETHYL ETHER Analgesic . .  ~,Velnhlohon '~.  . MORPHINE ~ / ' ~ Aclr~os~$ CYCLOPROPANE 
~EPERIDINE Hypr~ol,cs ~ ANAESTHESIA~-.,.~,Vosoconstr,II,on Flu e,her ozeofrope 
dTUBOCURARE , I  / ~ ~, FLUROXENE 
SUCCINYLCHOLINE Relaxants ~,Re~flex reel fleas PROCAINE 
TRIMETHAPHAN LIDOCAINE 
ATROPINE HE~ORRIIAGE'(~-- SURGICAL TRAUMA --'--~' SHOCK / 

/ /  

Tochycord,o )Epinephrine 8 'R- / Epmphrme ~ ~.. r Woler Edemo 
Va~oconsioctlon ~ . ,, (., I H~slomme ~ o Hyper~olemm |Nore,.,ne,.hone ~ ~ Norep,nep~r,ne J % ,~ 

.~ C~ ~ Acetylchohne Se~oton|n / l 

-~ A Aldoslerone ' \ " ~  
~r ..-' "" ~ 17-Hydroxys,e,o,ds ~ "..,,~ 

ENDOCRINE CHANGE---=-'--'-), ~I~E'I'ABOLIC.. ' CHANGE ? HALOTHANE 

Epinephrine 8 Norepmephrme TRICHLORETHYLENE 
Posier~o~ pt|uHory enhd=urehc Hormone 

PENTAZOCINE 
FENTANYL 
&]ORPHINE 
FI UROXENE 
~ETHOXYFLURANE 
CHLOROFORM 
HALOTHANE 
CrCLOPROPANE 
THIOPENTAL 

]B 

DiFFERENTiAL SUPPRESSION OF THE NEUROENDOCRINE SYSTEM'S; RESPONSE TO INdURY 

/ 
Promefhoz,ne 

~ .  Hypo==o 
Anolges=cs ~' V en h Iot~ion .,., Ac =dos ~ 

Hypno"c s ~ : ,  A N ESTHES IA , ~ ' " ~  Vasocon'itr'chon 

Relo,an,s / ~ ~'Refle~ reac?,ons 

/Chlorpromaz me 
Levomepromozme ~ 
Propr~omozlne 
Me~hd= Iozme 
Profhipendyl 
T~emeprazme 

Tochycord=o 
Vosoconsirlcthon 

l m l p r Q m l n e  

AmOr ~ptyhne 
Chlorproth=~=ne 
Alrop=ne 
Pmpomozme 
Thmptopazote 
Benoctyzme 
Mepozme 
S~ opolamme /:~ 

HEMORRHAGE ~ SURGICAL TRAUMA ~ SHOC~C ~ Promozme 
"- ~ / \ ~ / /  .epo,,ne 

\ / ,~ \ / L.o~promoz,o~ 
~ o  . ~  Hydroxyzine 

~ ~'~ / \ Tnflupromozme 

- - - .  .'q- ~ - ~ . ~  ~ j ~ Thtethylperazme 
- - ~ "  ~ -  ~ ' ~  ~r , "  \ Fluphenozine 

~ ~'/  H E 8 NEX / ~ Chlorprothlxme 

p,ooo,oo . ,/ H,,omoe'" ," De\ %. o,o,e,. 
~Ep, .ep , r ,ne  
~Norepme phr0ne ~ I Aretylchohne ~ Hyperlkalemfa 

! 

LSecrehon <~ \ " Serolonm / ~ ,e~ \ Ac ~ ~ T 

/ "% ~ # Chlorprothlxme 
'% r 

~-,~\ J T,,flupromaz,ne 
\\~/ Lo,omep,omoz,oe 

A ~ "~ Hydroxyzme 
/ / \ ~ Benoclyzme 

/ "  Aldos|erone / ~.  - - ~  Azacyclonol 
, /  17- Hydro~ys|erolds ~' ~.~ ~Chlorpromozme 
ENDOCRINE CHANGE ~-~' ~ ~.~ETAII~OLIC CHANG[' i I LY Epinephrine B Norepmephrme 

Posterwor pHu=tory onlldauretDc Hormone 

F[cu~E 5 A Aggravation of the neuroendoenne system's response to injury by anaesthema 
]B DLfferentaal suppression of the neuroendoerme response to m][[ury 
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drug A than would be requxred to reach t_he same end-point by itself, drug B is 
antagonLzmg the effect of drug A, and the effect would be represented by points 
above ]me AC Stmflarly, points to the right of hne CB indicate that drug A as an 
antagomst wath respect to the effect of'drug B 

Gaddum recommends that the smaplest !way of definmg the effect of an anter- 
actaon as to administer half the "effectxve close" of each of two partner drugs If 
the combmahon causes the end-pomt effect, the actaons of the two drugs are 
addxtlve, ff the effect as much more~ potentiation is occurrmg, ff the effect is 
much less, some form of antagomsm is occurnng When the effect of antagoms- 
he drugs as plotted by combamng the L Ds0 of one partner drug, with various 
doses ( LDs, LD~0, LDg~ ) of the antagomstlc paltner, the hne representing the dose 
pmrs with a combined LD~0 effect as the "asobol" for that pmr For combinations 
of doses whmh fall above the asobol the antagomsm as msufflcrent to reduce 
mortahty appreciably, whereas for point,, below the asobol, the antagomsm as 
more effeetave and the mortality rate ~s reduced The efficacy of various m~xtures 
using sublethal doses of the partners can-- -be determined for several clearly 
defined end-points 

Although tins approach to the study ofl 
and perhaps cumbelsome, it yields valua]: 
excellent stuches by Eerolap 6 who used 
that the effect of the mterachon of ethanol 
ave synergasm, shghtly less than the algeb 
and by Maykut and Kalow, who demonstl 

drug combmatmns ,s brae-consuming 
fie mformahon, as as evrdent from the 
th~s techmque to demoiastrate clearly 
on toxaeaty of tranqmlhzers ~s an adda- 

ram sum of the mdiwdual drug effects, 
ated the mterestmg hypnohc and toxin 

effects when procaine and pentobarbltal are combined 67 ( see Fig 6B ) 
Current mformatmn on tins sub}ect is tob revolved for detailed dtscusslon here, 

but one idea IS worth nohng 6o The effect of the combined aetaon of two com- 
pounds having the same primary site o~ action will not necessarily result m 
synergism, but wdI generally even be unf~vourable It appears that the eompeta- 
taon for the drug receptor usually decreases the frequency of the best anterae- 
tmns And, when the components of a c, ombmataon of drugs possess dafferent 
sates of action, and different types of act~vlty, no plausible predlc~non about the 
posslbdaty of synergism or antagonism can be made unless the,r mode of act, on 
ks well known Tins concept is qmte different from the old law oJ Burgi, whach 
stated In combimng drugs with the same end-effect, the resulting aetwlty as 
add~twe when the s~tes of aetmn of the components are ~dentmal and superaddx- 
hve ff they are d~fferent 68 

Some examples of mteractmns whmh are m~portant to the anaesthetxst are as 
follows Acetylchohne action can be enuormously enhanced by chohnesterase 
mhlbators such as physoshgmme, possibly by retarding its enzymatm decompos~- 
hon 69 Cocaine m combmataon w~th adrenahne has a synerg~stm, effect on the 
pressor and mydnatac aetmns of the latter, possibly by mh~blhon of adrenahne 
oxadataon by the local anaesthehc ("phanmacologmal depnvatmn") 70 Ipromazld 
(a monoamme oxldase inhibitor) maakedly prolongs the aetmn of serotonm pos- 
sibly because monoamme oxldase mhlbltors are potentml synerglsts with respect 
to serotonm 71 Some all-defined property of drugs with parasympathomlmetm 
action (chohne, neostlgmme, physostlgrmne) enhances the aelaon of analgesms 
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such as morphine, possibly by a c0,m,p~lSlave 'antagomsm w~th ~espect'to mole7 
cules of the analgesic adsorbed tO silent receptors," thus ren~l,ermg avadable 
more molecules of the analgesic for its primary aetaon 72 Alcohol idoes not have a 
potentiating effect on the hypnotac d~pre,,slon produced by barbiturates but  rather 
an additive effect, winch ~s dependent Lupon the method of admlmstration, ~s 7~ 
and ~s due possibly to an increase In th~ sensitivity of the tassues m the central 
nervous system 7, Antibastamlmc drugs ~(e g dlphenhydrammel and prometha- 
zme) as well as bastamme prolong the ~leepmg tame of some barbiturates, TM 7s 77 
possibly because of an increased rate ot. penetration of the barbiturate in to  the 
brain under the influence of the ant~instamlnes, and perhaps by minb~ting 
pyruvate oxidation m brain tissue, aS well as by selective interference with gluta- 
mate oxidation 7s,7~ Chlorpromazme, reserpine, and serotomn increase the sens~- 
tw~ty of the central nervous system to barbiturates by a mechanism which ~s 
stdl obscure s0 sl 

N~ckerson has pointed out that we ha 
a vanety of specific receptors and provi 
drug effects on endogenous substances 
receptors for adrenahne, Instamlne, acet 

ve agents winch form stable bonds wlth 
de an important tool for the analysis of 
m the body Knowledge of the distract 
,lchohne, and serotonln make it possible 

to study the meehamsm of actaon of ou: anaesthetic drugs with far greater deft- 
ration and may~help to explain some of the effects descnbed abo~ee 6z 64 s.o 

Many dangerous interactions have come to the attentmn of I,the anaesthetist 
I 

wcanously A deleterious reaction to mcluction of anaesthesm, Or fmlure of res- 
plrataon at the end of an uneventful anaesthehe, has frequently heralded the 
first sign of an undesirable mteractaon of drugs Dundee s~ has reviewed a number 
of these the hypotenslve action of anal 
to control ff the patient has been taki 
drugs The development of adrenocort1~ 

geslcs and anaesthetics becomes difficult 
ng reserpine, or other antahypertenslve 
'al msufllclency due to prolonged use of 

cortasone and its analogues sets the stage Eor cardlovascular collapse 1t: an anaesthe- 
tic is gwen Recently, it was found that leveial of the broad spectrum antlblotacs 
can cause severe respiratory depressl0n following thelr peritoneal mstaUa- 
t-ion by a blockang action on neuromuscular transmission Tins effect is partlcn- 
larly prominent following anaesthesia ,with ether and curare ~4 8~ Coma may 
occur m patients receiving amme-oxldase mhlbltors ff they are premedlcated 
with a narcohc analgesic, 86 and alcohql can potentmte the lethal effect of an 
overdose of sedatwe drugs 87 As more t~erapeutlc agents are added to the phy- 
sician s store of medications, the hst of Serious mterachons with anaesthetics wdl 
certainly grow longer 

We are all particularly aware that th~ desirable sedative response to psycho- 
sedatwes is not consistent 8s and that synergism of their undesirable effects occurs 
when they are combined with other drugs s9 ~0 If we resort to a form of anaes'the- 
sm wbach, by its nature, depends on ithe combination of sevt~ral drugs with 
diverse aetaons, the dlfflculties that might anse are awkwar d to cope with, 
because it is at present too comphcated to analyse the mechamSm of their com- 
bined action, unless a representatwe va~tlety of combmataons is ~,tudled ~,rst m a 
carefully devised experament desagned to reveal all the probable, short-term and 
long-term effects that these drugs are capable of causing, either alone or m 
combination 
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COMMENTARY 

My propose m this review ~s to present a look at a far 
many of which have been recommended for trial m an 
that we now have the possibility of combining some of 
that more of the desirable features of a safe and ph 
developed than was ever possible beto~e, with fewer ph 
disturbances an our surgical pahents 

ge number of new drugs, 
aesthesm, and to suggest 
:hese drugs m such a way 
asan| anaesthetae can be 
ysmlogmal and metabolic 

Two precauhonary reservahons should be considered sermusly prior to using 
these new drugs m anaesthesia First, we must know and understand all the acute 
effects that the new drugs (or eombmahons of drugs) ,Ire capable of producang, 
Second, we should not, m our present state of knowle~Ige , compheate an anae s -  

thehc unnecessarily by using a combmahon of parente~al anaesthetae agents m a 
poor-risk pahent when we can gave a sampler, safer, and more sahsfaetory 
anaesthehe with an mhalahon agent such as eyclopropane, rnethoxyflurane, halo- 
thane, fluroxene, or daethyl ether alone or remforce~t wath a relatively non 
tome eoncentratmn of mtrous oxade 

Tlhe anaesthehst has been depmted by Backford as a human linkage m a feed- 
back system whmh as essenhally ealor-actuated 9~ Now, we are trying to develop 
to a stage where we can predmt and prevent varlatao~lls that are deleterious to 
om pahents, as well as to devase eombmahons that are safe and have greater 
efficacy than single agents However, our knowledge is stall too meagre to adopt 
the general use of drug combmatmns From our point ot vaew, the most important 
aspect of the pahent's welfare revolves mainly has respl;~ahon, has elreulahon, and 
his parenchymatous organs If we can find a sedahve drug that causes adequate 
preoperahve psychm relaxahon, an anaesthehe that prewde,s deep sensory depn- 
vahon and hght hypnotm depressmn (or unconsemusrtLess), and then ff we can 
restore wakefulness and adequate pulmonary ventflahon promptly without 
depressing liver funehon or circulatory dynamms, we shall have gone a long way 
towards plowdmg safer anaesthesaa 

Before we enthusmstmally ,embrace the wade variety laf ncw and potent agent,s, 
each one of us should first learn what the lelahvely Ihealthy patient's response 
might be to such agents, alone, and then m combmatEIon with our anaesthetae,,, 
especaally those whose pharmacological actions l eqmre far greater defimtmn an 
man and whose mdavldual efficacy has yet to be proceed 92.3 Those physmmns 
who are oriented towards pharmacodynamms and bmehemastry must help us to 
clarify further the aehon of anaesthetm drugs on the secrehon of the several 
known achve baam substances, '~4 thear relatmnshlp to endoenne effects, 9~ ancl 
how the body is u]hmately affected by these mteraehons .6-99 Careful chmeal 
observahons alone cannot give us the vatal answers we seek 

New agents aae being presented to us so rapadly thatL we can only improve our 
pataen~'s anaesthes,~a by carefully evaluating these before using them on the very 
all But, to be sure that what as new is m fact much better requires the aehve 
parhclpahon of far more ellmcaans than are currently engaged in such studms 

R ~ s u ~  

Dans ce travail, ]'al t~ch~ de falre la ]urm&re sur un bon nombre de nouveaux 
m~dlcaments, dont plusleurs ont ~t~ mls b. l'essal en anesth~sle, ]'al expnm~ ]'id~e 
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' t quo nous pOuvons mamtenant assoemr ula certain nombre de cos medmamen s 
afin de r~akser une anesth~sm plus! agrdable ot plus sOre, tout ,on d~rmnuant 
l 'attemte physmlogNue et m&abohqu e ch~!~ nos operas 

Avant d'utahser ees nouveaux m6daeaments en a_n_esth~sle, ~1 faut fmre deux 
prudentes r6serves D'abord, al s connaftre et eomprendre tousles  effets nnm6- 
chats que cos nouveaux m4chcaments (ou leur assocmlaon) peuvent prodmre En 
second heu, dans l'&at aetuel de nos co~ 
promettre mutdement les r6sultats d'une 
un mauvms risque, en m]eetant ~t ce mal~ 
fl vaut mleux donner une anesth6sm plus 
utahsant non pas la vom parent4rale ma 

trials%antes, nous ne devnons pas com- 
mesthSsm chez un malade qm pr4sente 
,de un m4lange d'agents anesth4s,ques, 
maple, plus sfire et plus sa~sfmsante, en 

la yore resptratmre et des agents tels 
que le cyelopropane, le m6thoxyflurane, l'halothane, le flurox6ne ou r6ther, seuls 
ou assoe16s au protoxyde d'azote, relatwement peu tox~que 

Bmk_ford d4cnt ranesth4slste cornme 
l'exp4nenee de ses pr6d~cesseurs et chef 
nous tSehons de pr4vo~r et de pr4vemr 1~ 
et nous eherehons des assocmtlons qm, e 
des agents utd~s4s seuls Cependant, nos 
pour que nous g~n4rahsmns rusage d'ass( 
de vue, pour assurer au malade le max~ 

un ~tre mterm4chmre qm profite de 
che ~ 4wter leurs errems Mamtenant, 
.~s 4carts dommageables X nos malades, 
a toute s4cunt4, sont plus effieaces que 
comaalssances sont encore trop vagues 

,emhons de m4dmaments A notre point 
mum de s4cunt4, fl fau,t temr compte 

surtout de sa resplrahon, de sa clrculahon et de ses organes parenchymateux $1 
nous pouvons trouver un s4datlf qm prodmt une bonne d4tente pr4op4ratolre, un 
anesth4slque qm aboht la senslbfllt4 sans provoquer une hypnose trop plofonde 
et sl, par la suite, le r4ved est pr4coce clot la fonchon resplratolre promptement 
r~tabhe sans attemte h@atlque ou encula~toare, nous aurons faat un grand pas vers 
une plus grande s4cunt4 en anesth4sm 

Avant d'uhhser com amment de nouvelaux agents pmssants, no,us devons con- 
naltre Faction de ehacun d'eux sm un sUlet sam, pros leur achon lo~squ'als sont 
assom4s ~t nos anesth~saques, cette pr4cautlon shmpose surtout lmsqu'll s'aglt 
d'agents dont ractmn pharmacologNue est encore lmpr4clse, et dont l'et~cae~t4 
reste 5. prouver Los m4decms sp4emhs~s en p.harmaeodynamm et en bmchnme 
dolvent nous alder ~ pr4e~ser l 'aehon de,; anesth4s~ques sur la s4cr4tmn des sub- 
stances c4r4brales actwes que nous eonnar~sons, leurs effets sur les glandes 
endocrines, et les r4sultats de ees achons eombm4es sur l'orgamsrne humam Les 
observahons ehmques mmuheuses ne peuvent ~ elles seules r4pondre ~ routes nos 
questmns On nous pr4sente Sl souvent de nouveaux agents que ]a seuIe fa~on 
d'am4horer notre anesth4sm est de eonnaltre ~t fond ees m4dmaments ax ant de los 
admamstrer h de grands malades Mms, pour nous assurer que ee qm est nouveau 
est medleur, d ~faudra~t que beaueoup de ehmemns s'mt4~essent ~ ees 4tudes 
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