MIXED PENTOTHAL-CUBJ—‘xRE—NITROUS OXIDE ANAESTHESIA FOR
CHILDREN AND INFANTS: A TECHNIQUE AND DOSAGE SCALE
FOR RAPID INTUBATION AND FOR MAINTENANCE*
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OnE of the most advantageous of the general anaesthetic combinations to arise
from the introduction of curare by Griffith (14) was pentothal-curare-nit ous
oxide. Moderate doses of these agents produce the main pharmacological e fect
of each (hypnosis, relaxation, and analgesia) and are relatively free from the.
morbid side ‘effects of comparable doses of the other general anaesthetic agents.
However, these three agents together interfere with pulmonary respiration to
a far greater extent than ‘do anaesthetically equivalent amounts- of the other
anaesthetics, i.e. respiratory centre depression by pentothal, plus respiratory
muscle paralysis by curare, plus reduction of compensatory oxygen gradients by
effective concentrations of nitrous oxide. This seemingly, great dlsadvantage is
at once elimmnated by adequate and coritinuous assisted or controlled ventilation
throughout with over 20 per cent oxygen from a non-rebreathing system receiving
a total flow of 8 litres per ‘mmute of gases (nitrous oxide and oxygen). With
adequate amounts of curare excellent relaxation for'orotracheal mtubation and/or
abdommal surgery 1s obtained under light (plane 1) anaesthesia. Thus the cells
of the brain are subjected to only the minimum necéssary amcunt of mtefference
with functional energy build-up (ATP formation (23)) so that associated cellular
oxidative processes and hence the vitality of not only the brain but also
myocardium, hiver, kidneys, endocrine glands, etc. remain relatively unimpaired.
The low total dosage of pentothal also keeps its hypotensive effect to a negligible
miimum. The resemblance of pentothal-curare-nitrous oxide anaesthesia to
natural sleep and artificial hibernation has been noted (15, 16)

The techmique of using pentoth').l mixed beforehand with curare in_ their
optimum proportions (usually as “Baird’s solution” (1) of 500 mgm.. pentothal
with 15 mgm. d-tubocurarine chloride in a 20 ml. syringe or a 500 ml. drip) while
it does not give absolute control of either one, gives mn return the advantage of
technical simplicity with greater smoothness and exactness of over-all control.
The overlapping effect of the main pharmacological properties of the three agents
coupled with direct control over the concentration of nitious oxide gives a
considerable degree of elasticity to fixed proportions of pentothal with curare,
so that absolute dosage control over either of the two drugs is-not neeessary. In
the small percentage of cases where the nature of the patient or operation goes
beyond the bounds of this elasticity fairly exact control is easily regained with
an accordingly different mitial proportion of pentothal and curare or by injecting
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an additional amount of pentothal or curare intd the tubing of the original
nnxture when the need becomes apparent. With opportune tapering off of the
dosage before the end of operations, most patients have regained an adequate
ventilation of their own and can therefofe be extubated and are emerging a few
minutes after the operation.

Desplte the great preponderance of-its advantages over its disadvantages in
orotracheal intubation and abdominal surgery in adults, pentothal and curare
have found only sporadic use in paediatric anaesthesia. Fhe reason for thus
has probably been fear of the relatively narrower range of safety of drugs m
children in the absence of a specific dosage scale (ml. mixed pentothal-curare
per 1b. body wt.) “for spectfic anaesthetic purposes (e,g., ml. of the mixture for
orotracheal intubation). Each is usually given alone in small and umcertain
quantities (31) generally as adjuvants to the other anaesthetic agents: Volpitto
(34) reported the intubation of children after rapid induction with, mixed
pentothal-curare but his initial doses were insufficient to ehmmate the dﬁnger -of.
hypoxia from laryngeal closure. It was found that addltlonal amounts Jwere
generally needed and periods up to ten mirutes were apt to elapse ffom Jn1hal
injection to intubation. His range of dosags was too indefinite to provide the
safety of predictable results. On the other hand the use of cyclopropane _the’
only other powerful and relatively non-toxic general anaesthetic agent, is largely
restricted especially in infants and small children by the resistance and the heat
and’ water retention of closed systems and by the questionable reliability—of
complete carbondioxide removal by soda-lime (2). Ethyl ether has thus re-
mained the chief and in most places the ¢nly paediatric general anaesthetic
agent regardless of its powsonous effects on #he unstable metabolic-balances ot
children. There exists, therefore, a definite need in paediatric anaesthesia for
the advantages provided by rapid intubation and mamtenance with mixed
pentothal-curare-nitrous oxide in adults It was therefore decided to study this
technique in the oldest children and zradually extend it as far down the
paediatric age scale as possible with sazety in an attempt to find a safe and
relatively accurate scale of dosage of mixed pentothal-curare for rapid intubation
and possibly maintenance.

At first, especially in some of the older children (10-14 yr. of age), different
proportions of pentothal with curare were tried but it at once became apparent
that the optimum mixture for children was the same as for adults (1). The amount
of this pentothal-curare mixture needed for intubation of 100 lb. children
(apparent age 14 yr.) when rapidly injected was expressed in ml./lb. body
wt. and used to approximate the preliminary rapid intubation dose for 90 Ib.
children (app. age 13 yr.) and so on down the weight-age scale. This preliminary
clinical investigation was carried out through 90 operations requiring orotracheal
intubation and/or abdominal relaxation in the patients ranging from 14 years of
age almost to the newborn. A tolerance to an intubation dose of pentothal-curare
relatively equivalent to that of adults and to subsequent maintenance doses
equivalent to one-half that of adults was exhibited by all ages down to infants
1 year old (20 lb.) As the investigation proceeded it became increasingly
apparent that the mmimum or optimum amount of rapidly injected pentothal--
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curare required for intubation was so closely related to body weight in children
that it can be accurately and safely predicted. The usual technique of rapid
intubation and 'maintenance with pentothal-curare-nitrous oxide in adults was,
after a few additions and mnor changes, made perfectly adaptable to children
and infants.

PreELiMINARY CONSIDERATIONS

The indications, contra-indications, and possible complications of this technique
in adults. were used initially and in accordance with paediatric principles to
govern rejection and conduct of cases. Further modifications and additions were
made from the information gained in the investigation. The limited number of
cases, however, requires that the findings be looked upon as prowsmnal rather
than proven, Most important of all, however, is the warning that it is equally as
safe and 1n special cases actually safer (vide infra) than the other methods only
in the hands of a fully trained, skilled, and knowledgeable anaestaetist providing
adequate ventilation from the onset to recovery.

Indications

By the end of this investigation the impression was quite definite that this
technique of rapid intubation and of maintenance with pentothal-curare-nitrous
oxide was superior to all the lother types of anaesthesia for orotracheal intubation
and/or abdominal surgery in'children and in mfants over 20 Ib. It provides better
operative conditions (quieter respiration, smoother relaxation, and less oozing),
less disturbances in paediatric physiology and biochemistry, and more rapid re-
covery to complete normality.

(A) Conditions in the Patient

(1) Toxic states such as fever, acidosis, uraemia, dehydration, toxaemia, and
electrolyte imbalance as seen 1n intestinal obstruction, lllfeCthIlS burns,
renal disease, diabétes; etc.

(2) Conditions requiring rapid induction and intubation for immediate seizure
of control of the air passages.

(@) Fluds or food 1n the stomach.

(b) Passable® partial obstruction of the upper respiratory tract befote
or during induction. This includes such conditions as very swollen
tonsils, copious secretions, persistent laryngeal stridor which wou.d
not preclude good pulmonary oxygenation with pure oxygen-beforé
induction, may cause serious respiratory hypoxia during slow in-
duction, but would not prevent direct laryngoscopy and intubation
of the relaxed patient

(B) Nature of the Operation

With the exception of neurosurgery and thoracic surgery this technique of
anaesthesia was employec in infants and children for operations represertative
of practically évery type and site of surgery’ requiring ‘intubation and/or re-

°In contrast to “umpassable” conditions sach as- fixed flexion of the head, ankylosis of
mandible, ete. which prevent direct laryngoscopy and/or intubation of the relaxed patient.
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laxation. To illustrate this range a few typical examples and’ages of this series

of cases are listed.

The duration of these operations varied from 30 minutes to 4 hours. This
method of pentothal-curare-nitrous oxide anaesthesia was especially advan-
tageous aver other methods tor the following types of procedures in children.

TABLE I

Operation

Age of Patient

Operation Age of Patient

Tonsils and adenords 14 years ‘
Tot;s:.ls and adenords 6 years

1oTsls and ‘adenods 18 months
Hair hp repair ¢'months
Radical mastord 10 months
Bronchoscepy 4 years
Oesophagoscopy 2 vears
Laparotomy (acute

pancreatitis without

shock) 5 years

- Golostomy closure

Infussusception

Laparotomy (uephritis
with temp, 102°)

Incarcerated inguinal
hernma

Appendectomy

Orthopedic imb surgery

Lengthy skin graftings

9 years
18 months

5 years

8 months
5 years
Where the position
of. the patient or
other factors made
intubation necessary

(1) Short procedures requring intubation_and only' 15 to 45 minutes, such
as tonsillectomy; are smmply managed by a single, intubating dose of
pentothal-curare in what 1s later referred to as the “single shot technique.”

(2) Peroral endoscopic procediires that are expected to last well over 10

minutes.

(3) Abdominal operations, esp@cially af the patient 1s systemically 1ll.

(4) Major surgery with cautery

(5) Lengthy operations” especially in infants and younger children. The use
of pentothal-curare for mtubation and then for maintenance even of only
the first half of 2- to.5-hour operations greatly reduces the amount of
other agents and tlieir ddverse effects

There was no paediatric neurosurgery or thoracic surgery available at the time
for-this investigation. However, I have since.used this technique for both types
of surgéry in small children with all of the advantdges obtained in adults

(C) Anaesthetic Advantages

(1) The varions degrees of, hypoxia and/er hypercarbia that usually accom-
pany indugction and intibation by other methods -and agents: especially in
children are eliminated by this sechmque (19). The sudden and profounc
relaxation of the jaw and latynx prevents laryngospasm and allows the
immediate institution of adequate fespirauon (controlled)

"(2) Barbiturate-relaxant-mitrons- oxide 1s thé only safe géneral anaesthetic
for major paediatric surgery ‘that is ‘entirely free from the hazard of
explosions in operating rooms and equipinent not eompletely explosmn—

proofed

(3) Rapid intubation allows the surgical preparation of the. patient to begin
90 seconds after the insertion of the needle of induction: This is particularly
welcome in over-crowded operating schedules "and for short procedures
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such as tonsillectomies where the time ordinarily needed for induction
and intubation may approach that required for the surgery.

(4) The duration of emergence (end of operation until children opened their
eyes on command or infants cried or otherwise reacted to a. painful
stimulus) averaged approximately 3 to 5 minutes—as short as emergence
from cyelopropane and shorter than from ether. It was unaccompanied by
the Jaryngospastic tendencies and the postoperative nausea and vomiting
which are frequent whien ether and cyclopropane are used.

(5) The mntravénous pincture for injection encourages the.use of intravenous
fluids in infants and children.

(6) Eath of the'other major paediatric general anaesthetic agents has'at least
ong specific and formidable drawback that 1s-relatively absent from
pentothal-curaré-nitrous oxide in infants and children; e.g., the phosphoric
acudosis (5,,28) and other adverse biochemical éffects (12, 29) of ether
m,ay 'reach dangerous: proportions especially in predisposed children (21,
33).

Contraindications

(A) Conditions in-the ratieht

(1) Hypoxia of any type and cause not completely relieved by oxygen
and/or. 6ther méasures before.induction.

(2) Even the possibility of “tmpassable” conditions of the respiratory tract,
i.e.” where immediate intubatioh and control of respiration of a relaxed
patient cannot be guaramteed.

(3) Shock in any degree.

(4) In.progressively smaller infants (20 Ib. and down) pentothal hypnosis
mcreaséd: “conisiderably i duration (rather than depth). On the other
hand the effects of curare léngthened only slightly. The duration of light
pentothal hypnosis from the time of administration of an intubation dose
of the pentothal-curare mixture was approximately 3; hour in 20 Ib. .
(12 mo.), 1 hour in 15 lb. (6 mo.), and 1% hours in 7 Ib. (newborn)
infants. The addition of any further amounts (maintenance doses) of the
mixture increased considerably these durations of hypnosis. As a result
the first patients remained asleep (but could be roused) for up to three
hours postoperatively. In subsequent cases this was avoided and rapid
emergence to normahty was attained by restricting the use of this tech-
nique 1 small infants to operations with an expected duration of at least
twice that of the expected hypnosis from an intubating dose. No further
pentothal-curare mixture was given except in very long operations (3-5
hr.) where one or two maintenance doses were used before going on to
ether. The amount of ether needed to maintain these patients was quite
small. The smaller the infant the longer the persistence of the pentothal
and thus the less the amount of ether needed for maintenance. Hence the
seemingly paradoxical statement that the longer the operation and the
younger the infant the greater the benefit (ether-sparing effect) of
pentothal-curare. Shorter operations in infants under 6 months may be
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better managed by intubation prior to injection and then giving just enough
pentothal-curare for surgery.

(5) Miscellaneous conditions such as wet lungs, bronchial asthma or related
allergles liver damage especially in infants, and the absence of available
veins coupled with no indications for an intravenous cut-down.

(B) Nature of the Operation

This technique is impractical in paediatric operations not requiring intubation
or abdominal relaxation, and m ultra-short procedures (less than 15 min.) in
children or procedures of less than 1-1% hours in infants. Surgery of the orbit,
side of the neck, or of the larynx may cause autonomic reflexes of sufficient
intensity to make cardiac’arrest possible. In two cases, a resection and recession
operation in a child azed 6 years and a congenital torticollis in a child aged 7,
the patients were intusated under this pentothal-curare-nitrous oxide technique
and carried in plane 1 anaesthesia. In both, the onset of surgery was accompanied
by pronounced arrhythmias of the pulse regardless of good atropinization and
oxygenation.. Regular ventricular rhythm was only re-established by deepening
the anaesthesia to mid-plane 2 by the addition of ether.

(C) Anaesthetic Contraindications and Disadvantages

(1) Rapid induction-intubation of infants and children with pentothal-curare
would certainly be as dangerous in the hands of the uninitiated or in-
experienced as it 1s safe and advantageous when under the control of the
competent anaesthetist with experience in paediatric anaesthesia.

(2) Failure to have first-class equipment in proven working order and all of it
immediately at hand.

(3) The almost simultaneous administration of agents intravenously and by
mask requires the presence of an assistant to manage either the mask or
the venipuncture. However, once the technique has been so learned as to
be nearly automatic one anaesthetist can manage it alone except in
difficult cases.

(4) Blind nasal intubation is rendered difficult or unsuccessful by the absence
of spontandous respiration.

(5) Surgeons are easily frightened by the sudden disappearance of spon-
taneous breathing even though 1t is at once replaced by adequate con-
trolled respiration.

Almost all of these anaesthetic disadvantages can be easily circumvented.

Possible Complications

There were no comphcations of note in this series and at no time was a patient
in-trouble. The following effects or “minor complications” were harmless and
mostly mild and transient.

1. Pulse changes. A few seconds after rapid injection of the intubating dose
there occurred a palpable moderate decrease in pulse rate and strength lasting
2 to 5 seconds in about one-quarter of the cases tested. No irregularities were
felt. Laryngoscopy and intubation caused a moderate increase in pulse rate
and strength in about one-half of the cases and occasionally a palpable transitory
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irregularity. The tendency of mtubation to reverse the pulse effects of rapid
injection back to normal was notieed.

2. Blood pressure changes were measured sphygmomanometrically in only
a few cases and in approximately two-thirds of these a transient fall of 5-15 mm.
of mercury n systolic pressure and a lesser amount in diastolic pressure was
noted. Intubation was prone to cause a quick return to normal. The colour of
all the patients was normal or somewhat paler than normal from rapid injection
to mtubation.

3 Respiratory changes. If the intubating dose of pentothal-curare was not
gwven rapidly or was less than the required amount or if intubation was
attempted before 30 seconds or later than 90 seconds after injection, the cords
were hable to be mobile with a tendency to weak but bothersome closure on
laryngoscopy. Intubation without first injecting a small extra amount of pento-
thal-curare in these cases would almost invariably result in a spastic thorax
(“bronchospasm”) or moderate bucking on the tube. Postoperative respiratory
depression lasting more than 3 punutes was not common, but invariably the
result of giving more pentothal-curare too near the end of an operation. Easy
management of it by assisied respiration with oxygen made it a matter of no
particular concern. On the other hand, its neglect would be lethal and in-
excusable. Excessive resphatory tract secretions were uncommon and due to
lack of atropinization, food or fluids in the stomach, or the presence of respiratory
infection.

4. Prolonged postoperative hypnosis occurred only in the first of the small
infants 1n this series and was due to overdosage of pentothal felative to their
lesser ability to destroy it. These patients remained asleep for up to 3 hours
but could be roused and had no overt respiratory depression.

5. Perivascular injection happened 1 one case as a result of reflex movement
of the Iimb not being held firmly enough. The possibility of delayed respiratory
depression from later absorption was kept in mind but the amount was apparently
insufficient.

It would be more accurate to refer to these minor complications as “potential
avenues to serious complications.” The possible serious complications of this
technique in children would likely be similar to those resulting from injudicious
use and management of it in adults. These are cardiac arrest, “pentothal shock,”
respiratory anoxia, prolonged deep depression, and limb damage from intra-
arterial or perivascular injection. The causes of these are well known and
obviously avoidable. ‘

Currently, the most controversial objection to rapid injection and intubation
with barbiturate-relaxant anaesthesia is the possibihity of cardiac arrest. In this
method of anaesthesia in adults, disturbances in cardiac conduction commonly
occur at any of four points: (i) during the transient wave of depression (deep
anaesthesia) from the rapid injection (10, 30); (i) laryngoscopy and intubation
(8, 10, 25); (iii) surgical stimulation of cardiac reflex receptor areas (8); and
(1v) endotracheal suction and extubation (11). Except for one (30) that may
have been due to the rapid injection itself, no cases of cardiac arrest from this
cause could be found in the literature. In fact Colon-Yordon et al. (10) as well
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as Converse et al. (11) employed rapid barbiturate-relaxant injection for intu-
bation of over a thousand cases of cardiac and cdrdiovascular disease of almost
every type and there were.no cardiac stoppages. The underlying causes 'of cardiac
disturbances and of arrest under light general anaesthesia are well known (8, 9,
25, 35) and avoidable. The main aggravating factor is hypoxia. However,
Krumperman et al. (19) showed that properly managed rapid injection and intu-
bation produce very little alteration in blood oxygen and carbon dioxide compared
to that produced by other methods such as ether induction. Furthermore, light
anaesthesia for intubation is avoided by performing it within 30 to 60 seconds,
after rapid 1n]ectxon i.e., before the transient wave of deep anaesthesia had
thinned out by rechstrlbutlon to plane 1. Finally, the important thing is an aware-
ness that transient electrocardlographlc disturbances are not uncommon in any
type of general anaesthesia and that during light anaesthesia the existence of
one or more aggravating factors can magnify these disturbances to a cardiac
arrest. On the other hand deep anaesthesia itself can cause cardiac depression
and arrest. Dripps et al, (18) nicely sum up this situation in their statements:
“However, overzealous use of deep general anesthesia or cardiac depressant
drugs in an attempt to prevent reflex circulatory alterations caused by intubation
ultihately may be more detrimental to the patient than the condition that was
to be avoided,” and “The physician must never lose sight of the fact that
catastrophies at the time of intubation are more likely to ensue from anoxia,
overanesthetization or reactions to topical anesthesia than from circulatory re-
flexes incurred by facile intubation.”

PrREOPERATIVE PREPARATION

The technique and dosages to be given here were evolved and are based on

the following preparations.

(a) Preoperative examination which included tdking the exact current weight,
haemoglobm and a sharp lookout for contra-indications.

(b) Premedication which consisted of combined nembutal, morphine, and hyo-
scine according to the tables of Leigh and Belton (20).

(¢) Outlay of equipment as follows:
1. Source and delivery of anaesthetic agents from an anaesthetic machine
with single line delivery (of at least oxygen, nitrous oxide, and ether), masks
with bags of appropriate sizes (29), a Stephen-Slater non-rebreathing valve
(32) with a reservoir bag attached, and a syringe loaded with the calculated
required amount of the pentothal-curare mixture.

The most suitable syringes for holding and measuring calculated total
dosage while providing a scale fine enough for fractional maintenance doses
were 20, 10, and 2 ml. sizes for patients weighing over 50 1b., 10 to 50 lb,,
and under 10 lb. respectively. The amount of the mixed pentothal—curare
solution drawn up in readiness for a given case was one of
(i) The calculated intubationi dose (approx. lb. body wt./6) plus a small

amount extra (about. 1/5 of intubation dose), for “single shot” pro-
cedures.
(ii) Twice the calculated intubating dose (Ib. wt./3) tor longer operauons.
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2. Intravenous equipment including short or medium bevelled needles (21,
20 and 19 G.) for vempuncture, arm or leg splints, and, if necessary, a
venous cut-down set,

3 Intubation equipment mncluding carefully sized endotracheal tubes with
connectors to fit the Stephen-Slater valve.

4 Maintenance material such as a pressure cuff, suction catheters, etc.

An assistant should be available if not actually helping in this technique. Just
before induction the operating table should be put in slight Trendelenburg
position to counteract the transient decrease in blood pressure that generally
follows the rapid injection of pentothal (30).

TECHNIQUE AND DOSAGE

The techmque and ‘dosage for rapid injection of mixed pentothal-curare for
intubation and subsequent maintenance of anaesthesia in infants and children
as developed in this series of cases is presented hereunder as four consecutive
phases

1. Preliminary induction for venipuncture
1. Injection and dosages for intubation
mr. Maintenance
1v. Extubation and emergence.

1. PRELIMINARY INDUCTION FOR VENIPUNCTURE

The child is induced carefully and smoothly by open mask insufflation with
nitrous oxide (10 litres per min.) which becomes partial rebreathing or non-
rebreathing (and the nitrous oxide flow is cut to 4-6 1./min.) when the mask
is finally brought in contact with the face. The moment the child exhibits slight
duskiness (nails or lips) oxygen is turned on to at least 20 per cent of the total
flow and the skin analgesia and light hypnosis thus maintained with oxygen-
nitrous oxide. A limb 1s selected, taped to a splint, and the intravenous puncture
or procaine infiltration and intravenous cut-down is performed. If 80 per cent
nitrous oxide 1s not sufficient to “hold” the child through this a trace of trichlor-
ethylene is added and the mtrous oxide reduced to 70 per cent. In special
cases such as respiratory hypoxia or cardiac conditions where a high oxygen
flow 1s necessary, nitrous oxide is contra-indicated for this phase, the veni-
puncture or cut-down bemg performed under local anaesthesia during pure
oxygen alone or with a trace of trichlorethylene or ether.

1I INJECTION AND DOSAGES FOR INTUBATION

The moment the needle is in place in the vein any subsidiary agent in use
(trichlorethylene or others) is at once turned off. The percentage of oxygen is
increased to 50 per cent (25-100 per cent) of the total flow 1n order to eliminate
even the possibility of any hypoxia during the sudden onset of the effects of
pentothal. In this regard, it is also preferable that the injection of pentothal-
curare be timed so that the child shall have taken about seven breaths of the
higher oxygen flow (i.e., coefficient of ventilation (4)) before the onset of the
anaesthesia. The intubating dose of pentothal-curare is injected right after
venipuncture. The intubation dosages of mixed pentothal-curare for the whole
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weight or age range of children and infants as found and computed from this
series of cases are presented m Table II.

In the average chuld with average effects from this premedication the minimum
intubating dose will barely allow intubation, and active bucking on the tube
will usually ensue. On the other hand the maximum necessary intubating dose

TABLE 11
Intubating dose Intubating dose
App (ml pent —curare) App (ml pent -curare)
Wt . age Wt age ——
(lb) (yr) min opt max (b) (mo) min opt max
100 14 15 0 16 0 17 0 20 12 30 34 38
90 13 14 0 15 0 16 0 19 11 30 32 34
80 12 130 14 0 15 0 18 10 2 8 30 32
70 11 11 0 12 0 13 0 17 9 26 28 30
65 10 10 0 i1 o0 12 0 16 8 24 26 28
60 9 90 10 0 110 15 6 23 25 27
55 8 80 90 10 0 14 4 22 24 26
50 7 70 80 90 13 33 20 22 2 4
45 6 65 80 85 12 3 18 20 22
40 5 60 70 80 11 24 16 18 20
35 4 50 60 70 10 2 14 16 18
30 3 40 50 60 9 13 12 14 16
28 23 38 45 50 8 1 10 12 14
26 2 36 40 44 7 Birth 10°
24 1% 34 38 4 2 6
20 1 30 34 38 5 Prem 0 57

will usually produce somewhat more anaesthesia and relaxation than necessary
but no untoward effects. The mmimum dose is approximately one-tenth less
and the maximum necessary dose about one-tenth more than the optimum intu-
bating dose. In a few cases, dosages one-third greater than the optimum dose
were given rapidly with no apparent harm to the child.

The optimum rapid intubating dese of mixed pentothal-curare 1s (see Table
IT) very close to 1 ml. per 6 Ib. body weight for all children. This amounts to
0:125 mg. (0.8 units) of curare and 4 mg. of pentothal per lb. body weight or
S units curare and 25 mg. pentothal per 6 1b. body weight. The optimum dose
permitted easy intubation usually without subsequent bucking and was employed
in all cases except where a mmimum or maximum dose was indicated. Relative
indications for a minimum or maximum intubating dose are as listed in Table IIIL.

The calculated intubating dose is injected at a rate of about 0.5 to 1.0 ml./sec.
The needle is then left in the vein and the syringe taped to the limb at least until
after intubation is completed. Cases with reduced cardiac reserve or output
or with serious ECG disturbances and all infants should probably be injected
more slowly. )

The onset of pentothal anaesthesia occurs about 5 to 10 seconds after the
start of-the injection (decholin arm-to-tongue circulation time is 10-15 sec. in
adults) and is marked by sudden apnoea which may be heralded by a deep
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TABLE 111

51

Relative indications

For min dose

For max. dose*

Patient near esther end
of weight and age scale

Tiny infants
(under 3 mo )

Largest children
(over 11 yrs)

2 Considerable disparity Chronologtcal Chronological
between chronological age two or more age two or more
(real) and apparent (wt) steps below steps more than
age apparent age apparent age

3 Health, tone and Poor, as from Several previous
resistance deranged metabolism, anaesthetics

long stay 1n bed, etc

4 Physique beyond average Asthenic Very robust

5 Premedication effects Depressed Wide awake

6 Duration of surgery Very short Long

~1

Slower than rapid

Speed of injection

N B . When 1n any doubt use the larger intubating dose
*Refers to the usual maximum necessary intubating dose which is not nearly as large as the
maximum tolerated intubating dose would be

respiration or two, and by sudden disappearance of Iid reflexes and eye move-
ment. A closed mask with partial or non-rebreathing bag attached is applied
and manually held to the child’s face and adequate or more than adequate
controlled respiration with 50 per cent (25-100 per cent) oxygen in nitrous
oxide begun at once. The intermittent positive pressures on the bag should be
kept low (rapid and shallow) to avoid inflating the stomach. This respiration is
continued rght up to the initiation of laryngoscopy in order to ensure abundant
pulmonary oxygen and absence of hypercarbia throughout intubation.

The optimum time for laryngoscopy and intubation seemed to be 30 to 60
seconds after injection. Larvngeal instrumentation before or after this period
was very liable to result in cord closure on laryngoscopy and/or a short pe-iod of
mild bucking after intubation. Early intubation (30 sec.) under the initia wave
of deeper anaesthesia was favoured over later mtubation (60 sec. or more) under
lightening anaesthesia. The tendency of laryngeal manipulation to end the
transient hypotension of rapid barbiturate induction (80) is invoked earlier, and
the objections raised against laryngoscopy and intubation under very light
anaesthesia are obviated. A rough approximation of the early depths of pentothal
anaesthesia and the onset of curare effects on the larynx as observed clinically are
shown 1n Figure 1.

At the time selected for intubation, controlled respiration is stopped and the
mask discarded from the patient’s face. Laryngoscopy and intubation are im-
mediately carried out, smoothly and quickly. In most of the patients that had
recerved an adequate intubation dose, the vocal cords were in the cadaveric
position and showed little or no motility. Mild adduction of the cords did not
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FicurEe 1

Plane of minutes
Anaesihesia 3 after

j["--. i‘:#c' - -.‘.. "u ? degree Of
relis: -2l Y relaxation
(of cords)

apparent optimum
time for laryngoscopy
and intubation

interfere with intubation, the cords being gently and readily separated by the
endotracheal tube. As soon as the endotracheal tube is in, it is connected to the
Stephen-Slater valve and reservoir bag and controlled respiration with nitrous
oxide-oxygen is continued. If intubation is followed by more than a brief period
of bucking or tight chest (so-called “bronchospasm”) an additional dose (¥ of
intubating dose) of the mixture is given. In about 10 per cent of cases the
cords closed on laryngoscopic exposure and did’ not reopen during a waiting
period of 10 seconds. In these the laryngoscope was removed without attempting
intubation, the mask was reapplied and controlled respiration was continued
for 30 seconds after the injection of an extra dose (approx. % of intubating dose)
of the mixture. Laryngoscopy and intubation were then carried out. It was felt
that many of these patients exhibited laryngeal reddening (hyperirritability)
and/or had not received an adequate intubating dose in the first place. In the
“single shot technique” for short procedures such as tonsillectomies the needle
(and syringe) is now removed from the vein. Otherwise the syringe is taped to
the limb or connected to the intravenous drip for maintenance of anaesthesia by
intermittent doses.

The average duration of respiratory paralysis, relaxation, and anaesthesia in
children following the rapid injection of an intubating dose of pentothal-curare
and under maintenance with controlled or assisted respirations with 30 per cent
oxygen and 70 per cent nitrous oxide is given in rough approximation in Table IV,
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TABLE IV
Minutes ) ‘ Plane of
after Respiration Relaxation anaesthesia
1njection
0o .
\
—— apnoea ++++ 2tol
s P
\ ~—— returning + 4 lower 1
10 <
—— subnormal ++ md 1
20 <
—— normal + upper 1
25 <
~—— normal nil signs of emergence
30 / Bucking occurs if the
tube 15 not removed or further anaesthesia 1s not added Extubation
and admunistration of pure oxygen result in active thalamic
response to pain.
35 —— eves open on command

Note Duration of pentothal anaesthesia 1s longer in infants under 20 Ib

Ir MAINTENANCE

(a) Of respiration. This must be assisted or controlled continuously with at
least 20-30 per cent oxygen in.an adequate rate of total gaseous flow (27) from
a non-resistant non-rebreathing system.

(b) Of anaesthesia and relaxation. Dependmg especially on the type and
requirements of the surgery most of the patients were carried for 10 to 30 minutes
after intubation before supplementary anaesthesia was needed. In abdominal
surgery a supplementa_ or “maintenance” dose of pentothal-curare was needed
before opening the peritoneum.

In short (34-3%; hr.) non-abdominal procedures such as the removal of adenoids
and tonsis a “single shot” (the intubation dosage) was all the anaesthesia
necessary in addition to the nitrous oxide. On insertion. of the endotracheal tube
the needle was removed, the child’s arms were abducted to the sides and the
operation was begun at once. If excessive hghtening occurred before the end of
the operation, anaesthesia and relaxation were readily “stretched out” for an
extra 5 to 15 minutes merely by adding a trace of ether or trichlorethylene to
the nitrous oxide and oxygen mixture. The signs of msufficient anaesthesia and
relaxation indicating the need for maintenance doses were similar to those in
adults. The agents used to maintain first plane anaesthesia and the required
degree of relaxation subsequent to that of the intubation dose of pentothal-
curare were pentothal-curare-nitrous oxide alone or supplemented by ether or
trichlorethylene, or ether or trichlorethylene alone.

Pentothal-curare-mitrous oxide was generally used as the sole maintenance
combination in all of the cases until partial or complete changeover to inhalation
agents became desirable. While continuing to administer nitrous oxide and
oxygen throughout the operation, a maintenance dose of mixed pentothal--curare
was injected whenever indicated by the onset of signs of lightening. The optimum
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intermittent maintenance dose was found to be 14, to 14 the original intubating
dose. The smaller dose (14, ) was favoured in infants, near the end of operations
or.in the presence of supplementation with a trace of one of the other anaesthetic
agents. The larger dose (1) was favoured in older children, in the early phases
especially of long operations or where the signs of lightening were pronounced.
The interval betwéen doses averaged 20 to 30 minutes, with progressive lengthen-
ing between successive doses especially in infants[ The average amount of
pentothal-curare needed to maintain plane 1 anaesthesia and adequate relaxation
for the longer operations is depicted in Table V.

TABLE V
R Maximum required maintenance
Duration of dose (expressed as fraction
operation of intubating dose)
Children Infants
2 ‘hours 3 i
4 hours 1 1

The maximum amount of pentothal-curare that could be safely administered
or in other'words the tolerance limit to pentothal in any given case was assumed
to have been reached with the advent of any one or more of the following signs:
(i) Downward trend in blood pressure not due to some other cause such as
deep anaesthesia or the bradycardia of insufficient atropinization.
(ii) Increasing or excessive respiratory tract secretions.
(iii) When the sum of the maintenance doses equalled the intubating dosage in
children or one-half of the intubating dose in infants.
The maximum tolerated amount of pentothal-curare was reached in but a few
cases because only an occasional operation is of sufficient duration to need it.
" The course of anaesthesia was smooth and free of metabolic disturbances or the
effects of deep anaesthesia. Postoperative recovery and emergence, however, was
liable to be slow (% hr. or so) unless the last maintenance dose of pentothal-
curare was given over 1 to 1 hour before the end of surgery. In order to avoid this
problem the mainténance dosage of pentothal-curare was considerably reduced
by the supplementary addition of an inhalation agent for the latter half and/or
especially during the withdrawal phase of operatious.

At some point between intubation and the end of surgery it was usually found
advantageous and occasionally necessary to reduce or discontinue further pen-
tothal-curare with a partial or complete changeover to ether, trichlorethylene,
-or cyclopropane. The introduction of the other agent(s) must be cautious and
gradual beginning with a trace and then a slow increase of the concentration
only as indicated by signs of lightening as the pentothal-curare wears thin. A -
constant .observation and important advantage was the relatively great: pro-
longation of light anaesthesia and relaxation, up to one hour after the last dose -
“of pentothal-curare, that could be obtained from only a trace or small concentra-
tion (“subtoxic dose”) of ether or trichlorethylene added to the oxygen-nitrous
oxide flow. From experience in this series the following conditions appeared
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advantageous or as definite indications for partial and occasionally complete

supplementations with an inhalation agent:

(i) To “stretch out” anaesthesia in those operations that extend beyond the
time provided by the intubating dose of pentothal-curare in the “single
shot” technique for short operations.

(11) In all cases where maintenance with pentothal-curare alone is not specifi-
cally desired or where the use of the mhalation agents is not contra-
indicated, the maintenance dosage of pentothal-curare can be kept well
below the maximum and rapid emergence facilitated far out of proportion
to the relatively small amount of inhalation agent(s) added. Partial supple-
mentation with a trace of ether or trichlorethylene was therefore begun
shortly after intubation in short or medium length operations especially in
infants and young children and at about the midpoint of long operations.

(m) Pentothal-curare maintenance should be discontinued altogether in favour
of partial leading to complete supplementation with an inhalation agent
3, 1, 1%, and 2 hours before the end of surgery in children, 20 Ib. infants,
15 Ib mnfants and 7 Ib. infants respectively i order to avoid delayed
emergence and residual light pentothal hypnosis in"the postoperative period.
In long operations pentothal-curare maintenance must be discontinued
before this if the maximum tolerated dose 1s reached. Even where the
resultant duration of complete supplementation was considerable, the
sparing effect by the previous pentothal-curare was decidedly manifest in
the smooth and immediate postoperative emergence and relative absence
of disturbed metabolism.

(iv) Where a rich oxygen flow is desired the reduction or discontinuation of
mitrous oxide and its analgesia requires substitution with a trace of in-
halation agent (or else small maintenance doses of Demerol) to avoid an
increasing pentothal-cu> are demand.

(c) Of colour, pulse and ' blood pressure. Throughout maintenance with
pentothal-curare-nitrous oxide alone or supplemented by a small amount of
another agent the face seemed to exhibit a slight paleness but the colour of the
lips, nails, and soles of the feet remained normal. The regular and well-filled
pulse mamntained at an even 80(80-90)/min. was a welcome contrast to the
usual ether pulse. The blood pressure remained a steady normal or low normal,
thus imposing a lesser cardiac load than the usually elevated pressure from ether
or cyclopropane anaesthesia.

(d) Of drug, fluid, and electrolyte needs. Maintenance of basal atropinization
and analgesia with an occasional small intravenous dose of atropine and Demerol
was carried out where indicated. A very small supplementary dose of curare was
added near the end of an occasional abdominal case to maintain relaxation while

lightening anaesthesia toward emergence. Fluids and electrolytes were given as
required.

1V. EXTUBATION AND EMERGENCE

All agents except nitrous oxide and oxygen were tapered to a minimum or
discontinued entirely at the earliest moment allowed by the surgical procedure
in order to secure definite signs of lightening during the last few skin sutures.
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The concentration of nitrous oxide was increased to 80 per cent to substitute for
the dwindling amounts of the other agents in maintenance of this early reactive
level of anaesthesia. Unexpected signs of excessive reactivity such as a tendency
to buck on the tube were controlled by immediate mtroduction of a moderate
concentration of ether with shallow and rapid rather than deep and slow bag
pressures.

The rare cardiac arrest (24, 26) from suction and extubation under light
anaesthesia is due to aggravation of the reflex electrocardiographic disturbances
(11) ‘by hypoxia (17), hypercarbia, roughness, etc. as during intubation. The
following procedure of suction and extubation in four serial steps is used to
ehminate or safely minimize these factors and thus obviate cardiac arrest.

1. The mitrous oxide is turned off, replaced with pure oxygen (6 1./min.),
and the lungs are inflated at least seven times. If the patient showed signs of
bucking on the tube, mflations were done rapidly and the third step begun at
once. On the other hand, if httle or no signs of Lightening were present these
inflations were carried out at a rate of about seven per minute until the signs
were definite.

2 Oropharyngeal suction is performed with a good-sized rubber catheter,
which is then replaced on the suction line by a catheter considerably smaller
than the endotracheal tube.

3 The Stephen-Slater valve 1s removed and while suction is pmched off the
catheter is quickly inserted down the endotracheal tube mto the right main
bronchus. At the moment suction 1s allowed to continue the endotracheal tube
and after-coming catheter are gently withdrawn m a single movement requiring
1 to 2 seconds

4. A mask 1s apphed to the face and the lungs are immedately inflated several
times with pure oxygen The occasional but mild and transient laryngeal spasm
was easily overcome with oxygen under positive pressure. Awakening and deeper
breathing are hastened by pam stimuli If necessary these inflations are continued
at about only three or four per minute to allow some carbon dioxide bwld-up
until breathing 1s adequate and the child emergent (opens eyes on command
and/or phonates and moves limbs considerably on painful shmulation). Only
then is a child considered ready to-leave the operating room.

The smoothness and rapidity of extubation and emergence are increased con-
siderably as experience 1s gained. The 1deal objective seemed to be a state of
light and rapidly waning anaesthesia permitting oxygenation, suction, and
extubation without bucking as the last skin suture 1s mserted, and followed by
emergence to or near a state of wakefulness with adequate breathing within
3 minutes after extubation. This was achieved 1n about 50 per cent of the cases
in each of the age groups, with about one-half of these patients being almost
fully awake one minute after extubation. Owing mainly to mexperience in the
earlier cases of each age group, the remaining 50 per cent of patients either
emerged too quickly and bucked on the endotracheal tube or emerged too slowly
and required assisted respiration with oxygen for 3 to 15 minutes after extubation
before sufficient breathing and consciousness had returned.

The colour and pulse of every patient remained normal throughout and -there
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were no cardiac stoppages. Patients left the operating toom only when they
could be roused (emergent) and were breathing adequately.

PosToPERATIVE OBSERVATION AND CARE

The final and a very mmportant margin of safety is provided by sending every
case to a fully equipped recovery room or its equivalent for a period of close
and expert nursing survellance. Smce delayed and potentially serious post-
operative depression from both pentothal and curare has been reported in adults,
it was felt that all patients including even those wide awake shortly after
extubation should be kept here for a minimum of 3% hour for clder children and
1 hour for mnfants. As an added precaution or guard, tiny infants were usually
placed m an oxygen tent especially after major surgery or peroral endoscopy. The
shghtest sign of deterioration of respiration or colour would of course call for
immediate attention to the arrway and the administration of oxygen, preferably
by assisted respiration from a bag and mask, through the depressed phase.
Although there were no cases ot delayed or prolonged depression requiring
1espiratory assistance i this series, Noble (22) reports one child with prolonged
curare paralysis following this techmque Adequate artificial respiration resulted
i an uneventful recovery whereas postoperative neglect would have resulted
mn an unnecessary fatality.

After 1eaching the recovery room nearly all .patients not previously awake
could be roused to wakefulness within 10 or 15 minutes If left undisturbed the
majonty, especially the younger ones, lapsed mnto a light “normal” sleep lasting
30 to 60 mnutes, from which they awoke quietly and refreshed. The normal
colour, pulse, and respiration throughout the recovery period contrasted sharply
with the flushed appearance, rapid pulse, and acidotic breathing after ordiary
ether anaesthesia. There was no vomiting and very hittle posioperative restless-
ness except where a sizable amount of ether had been used for maintenance. Rest-
lessness was otherwise usually due to pamn and easily controlled with a very small
intramuscular dose of Demerol There were no laryngospastic episodes, atelectasis,
or other postoperative complications. Preoperative systematic illness such as
tever, acidosis, etc. appeared very definitely improved on emergence. The nursing
and other personnel concerned felt that recovery tume and troubles (but not
responsibility!) were considerably less than with other types of paediatric
anaesthesia,

SuMMARY

Some of the advantages of mixed pentothal-curare (Baird’s solution) and
nitrous oxide anaesthesia over the other types of general anaesthesia in adults
are noted and the need 1 paediatric anaesthesia for a method with similar
advantages was pqmnted out. The mam object of this prelimmary investigation
was to seek a basic dosage scale of mixed pentothal-curare (ml./lb. body wt.)
in children for’a speatfic purpose (rapid mjection for orotiacheal intubation) so
that this technmique of anaesthesia and its advantages mught be extended into the
paediatiic field. A surprisingly constant and accurate scale was found, and so it
was possible to modify the well-known rapid mjection technique for advantageous
use 1n children and infants.
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The indications, contra-indications, and possible complications of this method
in children were assumed to be basically simlar to those in adults and those
found to duffer significantly from experience with adults or felt to be.of special im-
portance in paediatric anaesthesia are emphasized. The technique itself 1s, except
for the added preliminary imnduction phase and quantitative modifications, similar
to that employed in adults It 1s presented in much detail, however, in order that
the clinical effects of each step and the management thereof in children may
be fully understood and the margins of safety guarded. Postoperative observation
and care are similarly emphasized.

The amounts of pentothal-curare required for rapid intubation and for
maintenance of children and mnfants and the climical effects thereof were re-
markably uniform. The salient findings are as follows:

1. The optimum mixture for 100 lb. children down to about 20 lb. infants is
that of Baird’s solution (25 mgm. pentothal with 5 unils curare per ml. of
solution). Since the duration of the effects of peniothal increases and those
of curare remain about the same m progressively younger infants, a mixture with
a smaller proportion of pentothal (15 or 20 mgm./ral.) would likely be more
suitable for th(?m

2. The tolerance of all of the children and infants to a rapidly injected dose
of the pentothal-curare sufficient for intubation was excellent and probably
equivalent to that of adults The tolerance displayed to subsequent total mam-
tenance dosage by 20 to 100 Ib patients appeared to be about one-half that of
adults, and by infants under 20 1b. 1t was probably about one-quarter that of
adults.

3. The dose of rapidly mjected pentothal-curare needed for intubation was
very closely related to body weight and could therefore be predicted with safety
and much greater accuracy than in adults, The amount used for maintenance
seemed at least as closely related to body weight as mn adults.

4. The optimum rapid intubation dose of millihtres of pentothal-curare mixture
(1) for children and infants 1s lb. wt /6, =31, for vanables. The optimum
intermittent maintenance dose 1s about 4, to V4 the ntubatmg dose given every
15 to 30 minutes. The maximum tolerated total mamtenance dosage in children
seems to be equal to the intubation dose and in infants 1t 1s only one-half of the
intubating dose.

5. The degree and duration of pentothal-curare anaesthesia and relaxation
in children are comparable to those observed in adults.

6. The amount of pentothal-curare needed for maintenance can be greatly
reduced by a disproportionately small amount (trace) of ether or trichlorethylene.
This was found to be particularly useful near the end of operations in the interests
of rapid emergence and in halving the total mantenance dosage of pentothal-
curare in lengthy procedures.

Throughout this mnvestigation all of the well-known advantages seen in adults
from rapid intubation and maintenance with pentothal-curare-nitrous oxide
were obtained. The disadvantages and possible dangers in children are easily
circumvented by knowledgeable and careful selection and management.
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COMMENTS

Apart from the general dosage scale of pentothal-ciirare, the findings and
observations in the limited number of cases of this investigation must be con-
sidered preltminary and provisional until many more cases have been reported,
preferably by several mvestigators. Even the dosage prodortions and range may
require some revision especially for small infants. Furhermore, various com-
binations of the other relaxants and short-acting barbiturates could be similarly
mvestigated and employed in paediatric anaesthesia, each of which might more
exactly fulfil the particular needs of special cases.

The basic prerequisites for the safe employment of rapid intubation and main-
tenance with barbiturate-relaxant-nitrous oxide anaesthesia in children and
infants are:

(@) Management throughout only by those with the knowledge, experience,
and expert technical training to handle all of the phases and possible
problems. l

(b) A beginning with older children and then a gradual descent of the paediatric
weight-age scale as experience 1s gained.

(c) Adequate assisted or preferably controlled respiration' from rapid injection
to emergence.

(d) Care to avpid overdosage in maimntenance especially of long procedures.

(e) Expert and careful postoperative care and observation in a well-equipped
recovery room or 1its equivalent.

Neglect of any of these prerequsites could result m fatalities which are apt
to be blamed on'the inanirnate agents themselves rather than on those responsible
for their safe administration and management An example of this is found in a
recent statistical survey (3) wheremn Beecher focuses the spotlight of blame for
anaesthetic deaths on the muscle relaxants. Griffith (13) deftly places his finger
on both the real cause and the prevention of such deaths m one sentence, “If
Beecher’s survey proves anything, I think it proves that there is need for more
good anaesthetists, trained to use their brains 1ntell1gently, individually and on
a level with the exacting standards of good medicine.” The results of 'this
investigation are offered in this light and in the hope that children will not have
to go on paymng the price of ether morbidity for safety in anaesthesia.

ADDENDUM

Smce completion of this nvestigation, the technique described has been em-
ployed in over 400 children by Dr. A B Noble of Kingston, Ontario, and in a
large number of children by Dr. H. M. Slater and associates of Montreal. Appre-
ciation 1s expressed to Dr. Slater for his valuable advice and criticism.

REsuME
Quelques-uns des avantages d’'un mélange de pentothal-curare (Solution de
Baird) et de protoxyde d’azote employé en anesthésie sur les autres types

d’anesthétiques chez les adultes sont notés -et le besoin en pédiatrie d’une
méthode anesthésique comportant des avantages semblables est indiqué. Le
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but principal de cette enquéte préliminaire était I'établissement d'une échelle
fondamentale de dosages de pentothal-curare mélangé (cc./Ib poids-corps) a
Iintention des enfants (mjection rapide pour I'intubation orotrachéale) de fagon
a ce que cette techmique d’anesthésie et ses avantages puissent sappliquer au
domaine de la pédiatrie. Une échelle étonnamment constante et précise a été
trouvée, et ainsiil a été possible de modifier la technique bien connue d’'mjection
rapide pour I'appliquer avantageusement aux enfants et bébés

On a présumé que les indications, contre-indications et les complications
possibles de cette méthode chez les enfants étaient fondamentalement semblables
a celles des adultes. Nous ne présentons que celles qui différent d'une maniére
sigmficative de I'expérience chez les adultes ou qui semblent offrir une importance
spécrale pour I'anesthésie en pédiatrie. La technique elle-méme, a I'exception de
la phase supplémentaire dmduction prélimmaire et des modifications quanti-
tatives, est elle-méme 1dentique 4 celle employée chez les adultes. Elle est pré-
sentée cependant en grands détails, pour que les effets climiques de chaque phase,
et le traitement subséquent des enfants soient bien compris et la marge de
sécurité bren observée Les observations et les soins aprés lopération sont
également soulignés

Les quantités de pentothal-curare nécessaires pour I'intubation rapide et pour
le maintien des enfants et des bébés et les effets chniques qui en découlent ont
été rernarquablement umformes. Les données saillantes sont les suivantes.

1 Le mélange optimum pour les enfants de 100 hvres jusquaux bébés de
20 livres est celle de la solution de Baird (25 mgm de pentothal avec 5 unités
de curare par cc de la solution). Etant donné que la durée des effets du pentothal
augmente et que celle du curare reste & peu prés la méme chez les enfants pro-
gressivement plus jeunes, un mélange d’'une proportion plus petite de pentothal
(15 ou 20 mgm/cc) semblerait étre plus convenable dans leur cas.

‘2. La tolérance de tous les enfants et des bébés a une injection rapide d’une
dose de pentothal—curare suffisante pour I'ntubation était excellente et probable-
ment equivalente a celle des adultes. La tolérance a des doses totales mamtenues
par des patients de 20 & 100 Livres semblait étre environ la moitié de celle des
adultes, et celle des bébés en-dessous de 20 livres était probablement un quart
environ de celle des adultes.

3. La dose rapidement mjectée de pentothal-curare nécessaire a4 I'mtubaton
était en rapport étroit avec le poids du corps et pouvait étre prédite par consé-
quent avec sécurité et beaucoup plus de précision que chez les adultes. La
quantité employée pour la dose d’entretien semblait du moms auss1 relative au
poids du corps que chez les adultes

4 La dose optima en centimétres cubes de solubion de pentothal-curare
nécessaire & 'mtubation rapide pour les enfants et les bébés est livre-poids /6,
+= Yo pour les variables La dose intermuttente optima de maintien est
environ Y, a %% de la dose d'mtubation administrée toutes les 15 a4 30 minutes
La dose totale de maintien maxima tolérée pour les enfants semble étre égale a
la dose d'intubation et chez les bébés elle n'est que la morté de la dose d’intuba-
tion.

5. Le degré et la durée de l'anesthésie au pentothal-curare et le reldchement
chez les enfants sont comparables a ceux observés chez les adultes
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6. La quantité de pentothal-curare nécessaire pour le maintien peut étre
considérablement réduite par 'addition d’'une quantité extrémement petite (une
trace) d’éther ou de trichloréthyléne. Ceci sest avéré particuliérement utile vers
la fin des opérations, en vue d’'une émergence rapide et pour réduire de moitié
la dose totale de mamntien de pentothal-curare dans les cas de longs procécés.

Pendant cette enquéte tous les avantages bien connus de lintubation rap de
chez les adultes et le maintien au pentothal-curare-protoxyde d’azote ont été
obtenus. Les désavantages et les dangers possibles pour les enfants sont facile-
ment évités grice a une silection et une conduite intelligente et soignée de
I'anesthésie.

_OMMENTAIRES

A part I'échelle générale de dosages du pentothal-curare, les données et les
observations dans le nombre limité de cas de cette enquéte doivent étre considé-
rées comme étant préhmmaires et provisoires jusqu'a ce que beaucoup plus de
cas alent été rapportés, et préférablement par plusieurs chercheurs. Les pro-
portions et 'étendue méme de dosage exigeront peut-8tre une révision, par-
ticulierement pour les petits bébés. En plus, diverses combinaisons d’autres
relaxants et de barbituriques & courte action pourraient étre étudées et servir
comme anesthétiques en pédiatrie, et il se pourrait que chacun réponde plus
exactement aux exigences particuliéres de cas spéciaux.

Les conditions préalables fondamentales pour lemploi siir de Iintubation
rapide, et le mamtien en anesthésie utibsant les relaxants barbituriques et le
protoxyde d’azote chez les enfants et les bébés sont:

(a) Conduite de Panesthésie par ceux-l3 seulement qui possédent les con-
naissances, 'expérience et I'entrainement technique experts nécessaires pour
parer a toutes les phases et les problémes possibles.

(b) On commencera avec les enfants plus 4gés et on descendra alors graduelle-
ment ['échelle poids-dge de pédiatrie & mesure qu'on gagnera de I'expérience.

(¢) Une respiration assistée adéquatement ou mieux, contrdlée, sera instalée
de I'injection rapide a I'émergence.

(d) Prendre soin d’éviter un dosage trop fort pour le maintien surtout dans le
cas de longs procédés.

(e) Soins et observations experts et soignés apres I'opération, dans une salle de
recouvrance bien équippée ou son équivalent.

La négligence de ces ‘tonditions peut causer la mort, et on aura tendance a
blamer les agents inanimés eux-méme plutdt que ceux qui sont responsables du
somn et de 'admimstration de ces agents On en trouve un exemple dans une
revue statistique récente (3) ont Beecher attribue aux relaxants musculaires le
blime pour les mortalités résultant de l'anesthésie. Griffith trés adroitement
indique en une phrase la vraie cause et la prévention de telles mortalités, “Si
la revue de Beecher prouve quoi que ce soit, je crois quelle prouve que nous
avons besoin d’'un \plus grand nombre d’anesthésistes, entramés afin d’employer
intelligemment et individuellement leurs connaissances et suivant les exigences
les plus élevées de la bonne médecine.” Les résultats de cette étude sont présentés
dans cet esprit et dans l'espoir que les enfants ne continueront pas i payer le
prix de la morbidité causée par I'éther pour la sécurité en anesthésie.
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ADDENDA
Depus la fin de cette enquéte, la techmque décrite a été employée dans plus

de 400 cas d’enfants par le Dr A B. Noble de Kingston, Ontario, et dans
un grand nombre de cas d’enfants par le Dr. H M Slater et ses collaborateurs a

M

ontréal. Nous exprimons notre reconnaissance au Dr. Slater pour ses précieux

conseils et critiques.
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