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It is now more than three years since we first begam to use a
purified extract of the old dm ourare as & mascle relaxant in patients under
general anaesthesia. (1). Humerous reports from anaesthetists throughout the
world are confirming our original swrmise as to the clinical efficacy and
safety of this application of curare. I believe that it is now possible to
make &t least a preliminary appraisal of the true place of curare in anaes~
thesiology, and I propose briefly to disocuss the drug under the following
head ings:

ls The meed for curare

2+ The efficacy of curare

3« The safety of curare

4. The effect of curare on the future practioce of aaaoathsa&elésy-

1. Need. Tvery anaesthetist, even the most expert, has wished -
times that there was some way in which he could instantly amnd safely produce
complete muscular relaxation in his patiente. Muscle relaxation is often a prime
requisite for good swrgery amd to obtain adequate relaxation the anaesthetist
may be forgced to use anaesthetic drugs, either gemeral or regional, in doses
beyond the optimum for the safety and comfort of the patient. It was the need
for a drug Moh would produce controllable relaxation without added tozicity
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which led us to experiment with curare in snassthesia.

2« Rfficaqy. The purified extraot of cwrare which was introduced
into éxmm medicine in 1940 by BeR. Squibb & sons of New York under the name
of "Intocostrin” was first used in meuro-psychiatry,and its mjor spplication
bafore its use in anassthesia was by Bennett of Nebraska for the minimiging of
trauma in patients undergoing convalsive shock therapy. This led us to a
cautious trial in patients under qyclopropane ansesthesis, and from the very
£irst patient it became obvious ;hat here was an officient drug to promote re~
lazation with fow side effects. The dosage and method of administration have
varied widely with different luvestigators. some ansesthetists, motsbly Cullenm
of Iowa, have given curare routinely in all abdominal operations under general
anaesthesia, usuaslly by repeated intravenous injmieu of saall doses of 40 to
60 mg. (2 to 3 coe of "Intocostrin®) mnight and Baird of Mimneapolis have also
reported successful serles of administrations using this technique. iy own
practice has been to administer curare only whem there is need to obtain increased
migoular relaxation. This may bé done at emy time during the aplmion and should
be in adequate dosage (60 to 100 mge for an adult under ayclopropene,) but is by
no means negessary in every abdominal case. A regent survey of our own cases
shows that, although we now use ourare on the slightest provocation, we still are
administering it in only 38% of our abdominal operationss Curave should not be
made the exguse for a poor anaesthetic sloppily administered.

Por many years it has een ny own practice to use @olopropane as the
agent of cholce for gemeral ansesthesia to the almost complete exclusion of ether.
For this reason most of my work with curare has been with patients under gyelopropane
anaesthesia. The two drugs seem to make an ideal combination ami emable us to
obtain at will relaxation similar to that of spinal ansesthesis. Curare may also
be uged in ether asnassthesia or when ether is combined with gyclopropane, ethylene
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or nitrous-oxide, but under these cirocumstamces the dose of curare should be
greatly reduged - to an average of 20 %0 40 mg. (1 to 2 gg. of "Intocostrian)
for an adult. Cullen has shown that ether itself has a curare-like action on
the wo-nmél Junction, which aémﬁ for the greatly enhanged effect of curare
in patients under ether ansesthesia. Macintosh,of Oxford,is using small doses of
curare successfully in patients under light ether, administering it Wy continuous
sternal drip. |

Curare may also be uged with other ansesthetic agents. waters raeports
satisfactory anassthesia for upper abdomimal surgery using cwrare in combination
with nitrous oxide-oxygen without added ether. I have frequently givem curare o
patients under atﬁg:«m or athyhnmcl@réw with good resultss Incidentally,
I would like to interject a good word far that almost forgotten agent,ethylene -
a partigularly safe ansesthetic for wse inm such poor risk cases as toxic thyroids,
and made doubly af?ichnt when am;bh‘ud with cuwrare.

| M.Mwhc;MomruMthmmwhm&%rv

inforos the action of pentothals It may be given to patients in whom the re-
laxation of spinal ansesthesia is wearing off too soom, provided that the sensi~
bility of the patient is well obtunded by hypnotics or a "gleeping dose™ of
goneral anaesthesia. It may also be used to facilitate bronchoscopy in mascular
~ patients, and tracheal intubation in cases where there is diffioulty in securing
adequate relaxation. However, curare in safe doses is not in any sense an anaes~
thetic agent and I do not recommend it for gemeral use in comscious patients. The
effect i3 4oo uncomfortable. iy own feeling is that owrare is most effectively
used with gas anassthetics, especially cyclopropame, and also, but more cautiously,
with cﬁor. It may be given intramuscularly without irritationm, but we prefer to
use it intravenously because of the greater comtrol thus ssgsureds

S Jafety. Perhaps the most surprising cutoome of the whole curare
investigation is the absence of evidence of toxicity, either immediste or post
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operatives It is hard to believe that & drug vhich has such a fabulous
reputation as & poison oould be used so safely in clinical medicine. The work
of and a host of physiologists, both bafore amd singe his time,
Dis ‘all Yein done with a comparatively orude curare of uncertain coaposition end
containing a varisble quantity of other sdulterating substances.

ReCe Gill, an Americen who had lived for years in the Amazonian Jungles
of Houador, bi'onght to eivilization in 1988 the first botanically identifiable
supply of curare smd his work mede it possible for Prof. AeRe MeIntyre of Hebrasks,
the Regearch Laboratories of B.Re Squibb & Sons of New York, amd others to produge
the first pharmacologleslly standardized extracts of cuwrare. This new proluct is
rapldly broken down in the hwuem body amd completely eliminated. When administered
intravenously in a simple dose it acts within thirty seconds, maintains its maximum
offect fof about five or ten mimutes and then gradually disappears until its effect
is all gone in abont twenty minutes. The effect may be prolonged by a Jjudicious
combination with whatever anaesthetic agent is being administered simultaneously.
This repidity of elinination from the body is undoubtedly the greatest safety
fagtor in the use of qurare in anaesthesiae. |

The question of what is the optimum dose and what will happen when an
overdose is given ha- been the subjeot of some interesting recemt reports. puring
anassthesia the administration of what is conmsidered an aversge dose of curare
will occasiomally cause the patient's respiration to beoome very shallow or to
ceass. This is because of the paralyzing effeot of m' drug on the accessory
muscles of respiration and finally on the diaphragme. All the treatment that is
negessary is to carry on artificial ventilation of the lungs by manual compression
of the breathing bag during the few minutes it takes until this depressing ourare
affect passes off. I have never seen even any temporary damege resulting to the
patient. "Prostignin,” a drug which appears to be physiologioally antagonistie to
curare, has been rocommended as an antidote, but personally I have never meeded o
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or nitrous-oxide, but under these cirocumstamces the dose of curare should be
greatly reduged - to an average of 20 to 40 mg. (1 to0 2 8g. of "Intecostrinn )
for am adult. Oullen has shown that ether itself has a curare~like action on
the myo-neural junction, which acsounts for the greatly onhanged effect of curare
in patients under ether ansesthesia. MNacintosh,of Oxford,is using small doses of
curare successfully in patients under light ether, administering it Iy continuous
sternal drip. ,
Curare may also be uged with other ansesthetic agents. waters raeports
satisfactory anassthesia for upper abdamimal surgery using cuwrare in combination
with nitrous oxide-oxygen without added ether. I have frequently given ma to
pationts under ethyleme or uthylmwaloyréma with good resultss Incidentally,
I would like to interjeot a good word for that almost forgotten agent,ethylene -
& partioularly safe ansesthetic for wse in such poor risk cases as tozic thyroids,
and made doubly afﬂcunt when omihimd with owrare.

_ nnm.otczmhe;amgmummm«wmwhmhu«
infores the action of pentothal. It may be given to patients in whom the re-
laxation of spinal anaesthesia is wearing off too soom, provided that the semsi-
bility of the patient is well obtunded by hypnotics or a "sleeping dose" of
general anaesthesia. It may also be used to facilitate brouchoscopy in mmscular
~ patients, and tracheal intubatiom in cases where there is diffioulty in securing
adequate relaxation. However, curare in safe doges is not in any sense an anaes™
thetic agent and I do not recommend it for gemeral use in conscious patients. The
effact iz 400 uncomfortable. My own feeling is that curare is most effectively
used with gas anassthetics, especially cyclopropane, and also, but more cautiously,
with cﬁor. It may be given intramuscularly without irritatiom, but we prefer to
use it intravenously because of the greater comtrol thus sssured.

8+ gafety. Perhaps the most surprising outoome of the whole curare
investigation is the absence of evidence of toxicity, either immediste or post
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operatives It is hard to believe that a drug vhich has such a fabulous
reputation as & poison could be used so safely in clinical medicime. The work
of and a host of physiologists., both bafore amd since his time,
N all been done with a comparatively orude curare of wncertain couposition end
ce:atasning & variable quantity of other sdulterating substances.

ReCe Gill, an American who had lived for years in the Amazounian Jungles
of Bousdor, brought to eivilisation in 1936 the first botanically idemtifisble
supply of curare and his work mede it possible for Prof. A.Re MoIntyre of Nebraska,
the Regearch Laboratories of B.Re Squibb & ‘Sons of New York, amd others to produce
the first pharmacologically standardised extracts of owrare. This mew proluot is
rapldly broken down in the humen body anmd complotely eliminated. hem administered
intravenously in a simple dose it acts within thirty seconds, maintains its max fmum
effect fof about five or ten minutes and them gradually disappears until its effect
is all gone in abopt twenty minutes. The effect may be prolonged by a judicious
combination with whatever anaesthetic agent is being administered simultaneously.
This repldity of elimination £rom the body is undoubtedly tie greatest safety
fagtor in the use of qurare in anaesthosise. |

The question of what is the optimum dose and what will happen when an
overdose is given has been the subjeot of some interesting recemt reports. puring
ansesthesia the administration of what is considered an aversge dose of curare
will occasiomally cause the patient's respiration to become very shallow or to
cease. This is because of the paralyzing effect of m' drug on the accessory
muscles of respiration amd finally on the diaphragm. All the treatment that is
negessary is to carry on artificlal ventilation of the lungs by manual compression
of the breathing bag during the few mimutes it takes until this depressing ourare
affect passes off. I have never seen even auy temporary damege resulting to the :
patient. "Prostigmin,” a drug which appears to be physiologioally antagonistie to
curare, has been recommended as an antidote, but personally I have never needed to
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use ite Ourare may be given to amemie, frail, or shocked patients apparently
without jJeopardizing their chamces of survival. I have given effective doses

on geveral occampions to patiemnts in almost pulseless conmdition from ruptured
ectopic pregnancies, and there are mumerous reports of its officaqy in traumatic
surgerys VWhitacre,of Cleveland, in a most important recent article, records the
results of experiments to determine the effect of very large doses of curare on
human subjects. He makes the surprising observation that a single intravenmous
injection of 200 mg. of curare (10 cc. of"Intocostrin”) - or about double the

dose I have even used therapeutically = produces suddem unconsciousness, complete
maseular relaxation and spmoea. If artificial respiration with adequate oxygenation
- is then maintained, blood pressure, pulse and ciroculation are unaffected, but the
patient remains unconsoious aml relsxed. By repeating the injections of curare

it has -baen possible to perform operations such as & gastrectomy. using no other
ansesthetic agents This involves a revolutionary view of the physiological action
of curare and is not easily explained, but fram the purely olinical viewpoint it is
reassuring to kuow that even such large doses of ourare msy be given without
irreversible effect. During the recovery period Whitacre's patients showed some
tendengy to bronchospasm, inorsased bronchial secretion, and other undesirable side
effects, so that neither he nor I advocate using curare as a practical method of
anassthesia. Ve are Just glad to know that doses up to 400 mg. have been given to
humen patients without fatal effect. An even more striking exsmple of an overdose
of curare has been reported by Robson of Toromto. His patient was an eight-pound
baby, two-weeks old, undergoing operation for a oomplete diaphragmatic hermia with
oether anaesthesia. By mistake a dose of 1 0. of "Intocostrin® (20 mg. curare) was
':givaa intravenously to improve relaxation. fThis was at least fifteen times the
recommended dose for such & patient. There was immediate complete relazation and
also complete umtm-'of respiration. Dr. Robson cleverly maintained artificial
respiration with endotracheal oxygen for more tham three hours before there was ﬁm
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least sign of returning musoular activity. In the meantime, the surgeon had
completed the @raﬂu under ideal conditions, and eventually the baly re~
covered without permanent damege. »m» cage histories tend to reassure us
regarding the safety of modern extracts of curare, vhenm properly used, but I
hope they will not cause us to forget that when improperly used curare is still
& poison, capable of producing death by respiratory paralysis.

The only side~effect which we have moted in curare, other than
ocoasional respiratory depressiom, is a transiont bronchospasm which developed
in three patients Mﬂhﬁ following the intravenous injection of moderate
doses. This is recorded as a poasible effect of curare, with no m:ncn as
to the canse - the patients resumed normal breathing within one or two minutes.
The preparatiomsof curare we have used "Intooostrin® anl the newer extract
"d=-tubocurarine” are not irritating to the suboutansous tissues and there has been
no cage recorded of phlebitis or other similsr complication.

. :

Five years ago whem it was first suggested to me Wy Dre LeHe Wright, of
Hew York, that ocuwrare might be useful in anasssthesia, I laughed at the idea. I

thought about it for more than a year, and inm Jamary, 1942, I tried it out. 3ince
then I have watched its use spread arocund the worlds There is no doubt that it is
filling a meed. Developments in ansssthesia during recent years have been mainly
toward increased safety and comfort for the patient. Here is a drug which allows
the surgeon to work more efficiemtly without increasing the haszard to the patient,
& most important objective in surgical progress. It is no wonder that the surgeous
are enthusiastic supporters of the use of carare in anassthesis. I feel mow that
gurare will enable us to use the non-toxic and controllable gas anaesthetic agents,
pagticudarly cyclopropans and ethylene in a wider variety of major operations; that
it will reduce the use of spinal ansesthesia for upper abdominal surgery with its
attendant hagzards: and that it will afford more efficient ansesthesia with low
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concentrations of ether when that agent is chosen.

Opinions about curare vary all the way from that of & leading
snaesthetist who states that "ocurare bids fair to replace not only a great
deal of deep othar anaesthesia but a great deal of spinal anassthesia as well,®
to the comment of one medical columnist, "why not learn to give an effective
anassthetic ?" Persomally I am not venturing to prophesy, but I do know that
ourare will never take the place of the ansesthetists' skill. The ezperience,
ability and judgment of the smassthetist is more important than any new agent
or method, and I believe that aurare should remain as just one more good thing
in the modern snassthetists' bag of trickse It is mot & plaything for the
inexperienced. '

Sumary e

The uase of curare in anassthesia has been reviewed with particular
raference to its efficacy and safety as a muscle relaxant in pationts under
cyclopropane, ether, and other gemeral anaesthetic agents. In the light of more
than three years'clinical experience, it is considered to be of value to expert
anassthetists by affording a better surgical field for abdominal operations with
light and non-toxic ansesthesim. It will probebly have a permsnent place in '
anassthesiology.
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