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WitHIN the past few years many new drugs and techniques have been
added to the armamentarium of the anesthesiologist. Among those3
that have become increasingly popular are the rapid acting barbiturates 3
and the curariform drugs. The combination of these drugs has per-j
mitted the development of a technique of so-called rapid induction and 2
endotracheal intubation.

The use of this technique has been especially desirous in a busy<
operating room. The time required to prepare a patient for operatlon 2
under endotracheal anesthesia ean be reduced from about thirty min-3
untes to five or ten minutes. It has been thought, however, that althoughf’
rapid induction and intubation may be expedient, it may also safficiently 5
disrupt normal physiological processes so as to make it an undeslrable =
technique.

Some anesthesiologists and surgeons have been reluctant to employ
the rapid intravenous administration of drugs to facilitate mductlonm
and endotracheal intubation. This hesitancy has been justified because S S
even though numerous clinical reports of the successful use of thisS
technique have appeared, very few objective observations have bheen £
made.

The purpose of this investigation has been to collect objective in- &
formation concerning changes in arterial blood gases during the use of 2
a variety of types of induction before endotracheal intubation. Thus,3S
it has been possible to determine which technique is least disturbing to g
the physiology of respiration, circulation and the transportation ofg
gases.

-It has also been observed that the inhalation of 100 per cent oxygen 5 g
while hyperventilating before induction will effectively minimize any@
subsequent disturbances to the respiratory gases and hydrogen ion§
concentration.

* From the Departments of Anesthesiology and Surgieal Research, Temple University 3
Mediea) Behool and Hospital, Philadelphia, Pa.

t Read before the annual meeting of the American Society of Anelthedologlm, Ine., 3
Seattle, Washington, October 8, 1953,

$ Accepted for pnbliaﬁon February 23, 1954.
§ This study was aided by a grant from Burroughs Wellcome & Co. (U.8.A.) Ine.
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MATERIAL

The subjects in this study were 50 patients undergoing varfpus
operations which required endotracheal anesthesia. No special effort
was made to avoid patients who had disease entities other than thoese
for which operation was performed. An attempt was made, howeger,
to avoid patients who from the anatomieal structure of the head 2nd
neck, would present difficult subjects on whom to perform orotrackeal
intubation. In patients who had short, thick necks and limited gex-
tension, prominent upper teeth, receding mandible, edema of the fldor
of the mouth and tongue, or who had diseases of the larynx, laryngeal
exposure and intubation would be an extremely difficult procedure.S

The ages of the patients ranged from 21 to 82 years.

MeTHODS

All of these patients received preanesthetic medication appropriate
to their age group and the anticipated procedure. &,
On arrival of the patient in the operating room, an infusion af 5
per cent glucose in water was begun. A blood pressure cuff and stegho-
scope were applied to the patient’s other arm and an initial pulse gate
and blood pressure recorded. Readings of the blood pressure were
obtained for this study from the time of induction of anesthesia wntil
ten minutes after the completion of intubation, and were taken as often
as was feasible. 3
An arterial puncture was performed on each patient, using 520
gauge stilet needle in the brachial artery at the antecubital spce.
Tive arterial blood samples were drawn: (1) after sedation and before
the administration of oxygen, (2) at the end of a three minute periog of
inhalation of 100 per cent oxygen, (3) at the time of intubation, (4)gwo
minutes after intubation and (5) ten minutes after intubation. Injone
group of 19 patients, control bloods were obtained the day beforeg or
several days after, operation. §
Three techniques of induction and endotracheal intubation were
used: (1) The rapid administration of pentothal® sodium and a curari-
form drug before endotracheal intubation was used on a total oE41
patients. All of these patients inhaled 100 per cent oxygen for a three
minute period before the induction, and 22 patients were asked toghy-
perventilate during the inhalation of 100 per cent oxygen. (2) TFhe
second method was the slow induction using cyclopropane and er
until the patient was sufficiently relaxed to permit an atraumati}in-
tubation. There were 6 patients in this group. (3) A topical ages-
thetic agent was applied to the pharynx, larynx and trachea as the gly
anesthesia before intubation. There were 3 patients in this graup,
9 of whom inhaled 100 per cent oxygen before intubation. =
ach sample of arterial blood was analyzed for oxygen content Bnd
capacity and carbon dioxide content using the Van Slyke technique.
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The hydrogen ion concentration of each sample of blood was determined
by the glass electrode technique. The arterial oxygen saturation wag
calculated and plasma carbon dioxide determined according to Vaig
Slyke (1). g
OBsenvaTIONS AND REsuLTs

e//:dpy wo.

Rapid Induction with Ozygen Inhalation

This group of patients was asked to breathe 100 per cent oxyges
for three minutes before they were put to sleep. In this series of
patients 5 received tri-(diethylaminoethoxy) benzene triethyliodida
{flaxedil®), 9 received succinylcholine ehloride (anectine®),|| 5 receive
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RAPID INTUBATION

5570
‘\ N
\
N\

NEHALI

RANGE ‘

2 NOLVENINT '
G61-2¥50000/586222/62/1/91 /4Pd-a[o1e/ABojoIsauisaue/Woo")

A
decamethonium bromide (syncurine®) {| as a muscle relaxant. Enougg
sodinm pentothal was administered to produce sleep and tken a curss
rizing dose of muscle relaxant was given. When the desired effect wag
obtained, up to 500 mg. of pentothal was given rapidly. As soon ai
apnea was present the endotracheal intubation was accomplished ang
the endotracheal tube was connected directly to a circle filter gag
machine. Nitrous oxide and oxygen were administered in a semiz
closed system with carbon dioxide absorption. Respirations were sue
ported or controlled as necessary for a period of time which dependeg
upon the corariform drug used. 2

It was in this series of patients that control bloods were taken be>
fore sedation. In a considerable proportion of the patients the arteria}
oxygen saturation fell below normal after sedation (table 1, fig. 2R

§ The curariform drugs uscd in this study were supplied by Burroughs Welleome & Ca.
(US.A.) Inc., Tuckahoe 7, N. Y, . .
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Q
With the administration of 100 per cent oxygen for three minutes thg
arterial oxygen saturation rose and remained at or near 100 per cend
for the remainder of the procedure (fig. 2). The one exception wag
in a patient in whom the intubation was difficult, the arterial oxygeg
saturation fell to 69 per cent (indicated by ain ﬁg 2).

The carbon dioxide combining power in volumes per cent and thg
plasma carbon dioxide rose significantly above the control level afteg
sedation had been produced (table 1). Sometimes both valnes wer§
elevated further even during the inhalation of 100 per cent oxygem
The greatest rise ocenrred at the time of intubation. The carbon dis
oxide increased in one putlent to the extent of 7.3 volumes per cen%

a
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but the majority of patients in this group showed a rise of no morg
than 3 to 5 volumes per cent (table 1). S
The hydrogen ion concentration in this series of patients had g
definite pattern; it decreased steadily during the procedure, reachin§
its lowest value at the time of, or two minutes after, intubation and
gradually returned to normal by the end of ten minutes (fig. 2). s
’(ﬁ_

Rapid Induction with Ozygen Inhalations and Hypcrventilation S

In this series of patients, the technique of induction and mtubntno@
was the same as that previously described but, in addition, this groug
of patients was requested to breathe deeply during the inhalation of
100 per cent oxygen. As in the previous group, the oxygen saturatio
of the arterial blood rose to 100 per cent and remained there for ter



34 B.J. LacEMar, Joan H. Lowng, axp LERoy W. KruMPERMAN

minutes following intubation except for 3 patients in whom mtubntxgn
was exceptionally difficult (fig. 3).

The carbon dioxide content and plnsma carbon dioxide had elthﬁr
remained the same or fallen slightly in 15 patients of this series, afte«r
three minutes of oxygen inhalation. At the time of intubation amd
during the period of apnea, the carbon dioxide levels and plasma ca?-
bon dioxide rose above the preinduction levels. After intubation tﬁe
carbon dioxide content showed a tendency to level off at the premdtxc-
tion value (table 2).

In the patiente in this group the patiern of the hydrogen ion coa-
centration was noticeably different from that of the previous series.

RAPID INDUCTION
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1t will be observed from figure 3 that the hydrogen ion concentratigh
showed a rise following the hyperventilation with 100 per cent oxygea.
In only 2 patients was there an elevation above the normal pH of 7.8.
At the time of intubation the hydrogen ion concentration decreased, bat
in only 7 of 20 patients did it drop below the normal level. In the ni@-
jority of patients, the hydrogen ion concentration was well within tBe
normal range within two minutes after intubation.

Slow Induction with Cyclopropane and Ether

In this series of 6 patients, anesthesia was produced by using cyclg-
propane in a closed circle carbon dioxide absorption system with &
amount of ether up to 30 cc. Intubation was not attempted until the
patient was sufficiently relaxed to permit atranmatic intubation.

JdV 60 U0
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The oxygen saturation of the arterial blood was consistently elevatgd
above the preinduction level and in the majority of cases reached 130
per cent saturation, showing only a slight fall at the time of mtulg
tion. In only one patient the oxygen saturation at the time of mtu@
tion fell below the preinduction value (fig. 4).

TABLE 3

CuEMICAL CHANGES IN ARTERIAL BLoobn wrra INDUCTION oF ANESTHESIA
Slow Induction

"¥0P00-0p01 08S6 1[It S0000/5862.LC

Time of R o & | T
Rampling gat. | VoI |PCOT[ #1 | gar [ Vorl |pCOs| bl | gt | V! | PCO:| o
% | % % | % % | %
Case 42 Case 43 Case 44
Sedation 93 | 47 | 39 [745] 96 | 52 | 48 [7.42
Before Intub. 100 | 58 74 | 7.20) 100 | 52 55 |736| 95| 48 59 7&)
Intubation 9 | 57 76 | 707 94| 58 67 | 730 97 | 50 61 | 788
2 min. after 100 | 48 43 | 745 98 | 50 85 725
10 min. alter 100 | 56 75 | 719100 | 48 38 | 7.51 | 100 | 50 68 | 784
[2]
o
Case 45 Case 16 Case 47 é
Sedation 92 | 49 38 1751 94| 48 40 (748 97| 40 40 7:&3
Before Intub. 100 | 54 52 | 7.41 100 | 44 52 |7.33
Intubation 100 | 54 | 55 {739 (100 | 51 | 47 |742| 93| 50 | 60 |72
2 min. after 100 | 46 42 1744|100 | 52 55 | 7.36 | 100 | 48 50 {730
10 min. after 97 | 53 57 | 7.36
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Sedation 00 | 46 | 42 (743 91| 49 | 44 (744 02| 42 | 37 | 743
After Oy 100 | 43 | 42 | 74%
Intubation 81| 49 40 1738100 { 49 | 44 | 742|100 | 47 | 52 7.3&'
2 min. after 737]100 | 51 50 | 740 | 100 | 47 | 57 [ 7.3
10 min. after 100 | 40 | 48 | 739|100 | 51 51 | 739 100 | 45 55 | 7.3
Control 00 | 48 41 | 744 91| 48 44 | 7.44 t;l
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The carbon dioxide content and plasma carbon dioxide showed &
rapid and marked rise from the onset of general anesthesia until the
time of intubation. Following the intubation there was a tendency far
the carbon dioxide content and plasma carbon dioxide to fall, but ig
only 3 patients did it reach the preinduction value. In these 3 cased
the respirations were controlled from the time of intubation (table 3%

In this group of patients the greatest changes in values of hydrogeg

ion concentration were observed. The range was from normal to B
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w)
low in one case of pH 7.17. Here again the greatest fall occurred °§t
the time of intubation with a tendency for a slight rise after intnbatign.
In those patients in whom respirations were controlled following the
intubation, the hydrogen ion concentration returned to normal (fig. 9

3
Intubation After Topical Anesthesia to Pharynz, Larynz, and Trachga

There were only 3 patients in this group. In one patient intubatigin
was performed after topieal anesthetization of the pharynx, larynx,
and trachea. The arterial oxygen saturation fell from the preintubij-
tion level of 90 per cent to a low of 80 per cent (fig. 5). In the other
2 patients, intubation was not performed until the patient had become
hyperventilated while breathing 100 per cent oxygen and it was éb-
served that the oxygen saturation of arterial blood remained at 180

3
per cent. 5y

Along with the above observations it was also noted that there WS
only a slight change in the carbon dioxide content, plasma carbon di-
oxide and hydrogen ion concentration (table 4 and fig. 5). &

In all of the cases the indirect technique of observing the patieng’s
blood pressure was used. The pulse rate was obtained by palpatipn
of the temporal artery. During the procedure the blood pressure and
pulse rate were observed frequently, and with this technique no markgd
alteration in either was noted. Additional valuable information codld
have been obtained if a continuous recording of blood pressure, pule
rate and electrocardiogram had been available.

86¢.¢2/62/

Discussion

n
The changes in patient’s arterial oxygen saturation, carbon dioxide
content, plasma carbon dioxide and hydrogen ion concentration haye
been observed during various types of induction and endotrachéal
intubation. o
Tt becomes apparent that sedation alone reduces ventilation to sofe
extent, the plasma carbon dioxide increases ahove the control level and
the arterial oxygen saturation falls below normal (table 1 and 2). 3
Stone e¢f al. (2) have shown that when rapid induction is aw@-
plished by the use of decamethonium bromide and pentothal sodixm,
during the period of apnea accompanying the intubation the arterial
oxygen saturation routinely drops below normal and the hydrogen ion
concentration falls markedly (fig. 1). e
1t has always been our policy to administer 100 per cent oxygendto
the patient before apnea is produced and endotracheal intubationSis
performed. This obviates the drop in arterial oxygen sataration
any type of rapid induction and intubation (figs. 2 and 3). The arteﬁ’al
oxygen saturation is maintained at a normal level except in thase
patients who have long periods of apnea as a result of difficult intuba-
tions (e in fig. 2; ¢ and b in fig. 3).
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It was observed that even when the patients breathed 100 per celt
oxygen before induction, plasma carbon dioxide began to rise and
hydrogen ion concentration began to fall, and that these two factogs
reached their greatest change at the time of intubation. The indug-
tion technique was then modified further. The patient was asked f
hyperventilate during the breathing of 100 per cent oxygen. With this
technique, the plasma carbon dioxide then remained stable or féll
slightly. Tt was also revealed that there was little alteration in tEe
hydrogen ion concentration, and the changes that did occur were Wlthm
the normal range.

It can be seen from figure 4 that, with the slow induction and m-
tubation technique which has been used for years and which is stfll
considered by many to be the safest method to employ, the greategt
variations were in the carbon dioxide content, plasma carbon dioxide
and hydrogen ion concentration. These changes occurred in spite &F
what was thought to be adequate respiratory exchange, using asslst&i
respirations when indicated.

The use of topical anesthesia applxed to the pharynx, larynx axEl
trachea without any additional narcosis before intubation is reserv
for the old and poor risk patient. From our study, the changes
plasma carbon dioxide and hydrogen ion concentration are minim
as compared with the changes associated with the above described
procedures. It is also apparent that unless the pntxent inhales 100
per cent oxygen there may be considerable decrease in arterial bloo%
oxygen saturation during intubation (fig. 5).

This technique of rapid induction and intubation shonld be avoxdéli
in patients with marked aortic stenosis, shock, and in those with rece
myocardial infarction. The one common factor present in these condf
tions is a fixed cardiac output and it has frequently been observed th
the rapid intravenous administration of sodium pentothal may resu
in a marked and persistent hypotension. It has been observed that
patients with advanced cardiac disease other than aortic stenos§
tolerate this type of induetion well (3).

The following conclusions may be drawn from these observatlong
The use of rapid induction and intubation causes much less alterati
in the arterial blood gases than does the older accepted technique
inhalation anesthesia. This, however, is true only if the patlent iﬂ
requested to hyperventilate while breathing 100 per cent oxygen ing
mediately preceding the induction and intubation. The aged or e¥
tremely poor risk patient should be intubated while awake, after the
pharynx, larynx and trachea have been anesthetized adequately angd
the patient has become hyperventilated while inhaling 100 per celﬁ
oxygen just before the endotracheal intubation.

Future studies of this nature are indicated and should include 3
method of recording the oxygen content and the hydrogen ion concen3
tration of arterial blood throughout the entlre anesthetic and opera®
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tive period. If these alterations can occur early during nnesthesfa
with the patient under close observation and before operation has b@-
gun, what changes occur during and at the finish of a long operatlge
procedure?

Sumatary

The effects of various techniques of induction and endotracheal
tubation upon arterial blood oxygen, plasma carbon dioxide and
drogen ion concentration have been observed on 50 patients.

The greatest alteration in the gases of arterial blood occurred duz-
ing a slow induection.

There was deviation from the normal values of the arterial bload
wases with rapid induction and intubation. The changes that occgr
with this technique can be reduced to a minimum which will rema?n
within the normal range if the patient is permitted to hyperventi
while inhaling 100 per cent oxygen before the induction and mtubntm&

From these observations, it would appear that the so-called rapid
technique could be used for all patients who are anatomically suita
and who must receive endotracheal anesthesia.
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