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viii. Preface.

the physiological effects of different mixtures
of nitrous oxide with air or oxygen.

Safe’ and thoroughly efficient anasthesia
for dental operations is of such importance
that it behoves every dental practitioner to
carefully consider whether he should not
abandon the prevalent but comparatively
crude and unscientific method of producing
insensibility from nitrous oxide, and avail
himself of the new system.

[t is true that there are at present some
difficulties in the way of this advance, but it
is to be hoped that they may soon be sur-
mounted. The principal of these undoubtedly
1s the difficulty of obtaining proficient anzes-
thetists.  Increased facilities, however, are
now being afforded at most hospitals for
acquiring experience in administering anaes-
thetics, so that there is every reason to believe
that, in course of time, there will not be that
dearth, which now exists, of medical men
capable of administering nitrous oxide 1n
dental practice.

Moreover, | hope to see the day when the
immense amount of clinical material which is
now being wasted, so to speak, at our dental
hospitals, will be utilised, not only for the
systematic instruction of dental students who
are intending to qualify in medicine, but for
that of extraneous students and practitioners,
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Introduction. T

intense interest soon became universally felt
at the discovery, by Morton, of the anasthetic
properties of ether, rapidly placed nitrous oxide
again upon the shelf, where it remained, more
or less forgotten, for a further term of nearly
twenty years. A little reflection will at once
show that Wells's anasthetic was heavily handi-
capped in its struggle for existence. Its phy-
~sical characters were against it. Being gaseous
at ordinary temperatures and pressures, it was,
as compared to its liquid rivals, ether and
chloroform, more or less unmanageable. It
was, moreover, a difficult matter to obtain
the gas in a state of purity, and in sufficiently
large quantities for administration.

But the chief cause of the discredit into
which the gas fell was the want of knowledge
which necessarily prevailed as to the principles
which should be followed in its administration.
The methods employed by Wells and his fol-
lowers were such as to render success or failure
merely a matter of chance. The administra-
tion was very simply conducted. Some of the
gas was placed in a bag or bladder to which
was attached a tube, and the patient breathed
backwards and forwards. The results which
followed were necessarily exceedingly irregular,
as the chronicled accounts of Wells's demon-
stration and of subsequent attempts to produce
anesthesia amply testify. In addition to the
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Introduction. 7

that the inhaling apparatus fitted and worked
accurately, nitrous oxide could not be given for
more than a very brief space of time. After
the inhalation had lasted a minute or so, certain
phenomena arose which necessitated the with-
drawal of the anasthetic and the admission of
air. It therefore became clear that nitrous
oxide was par excellence the anesthetic for very
‘brief operations. Prolonged operations could
only be accomplished under its influence, and
these not very satisfactorily, by intermittently
allowing air to be respired.

The next step in the development of nitrous
oxide anasthesia was taken by the late Prof.
Paul Bert, whilst engaged with his researches
upon barometric pressure. In a communica-
tion which he made to the Société de Biologie,
on Feb. 9, 1878, he stated* that he found
the effects of toxic gases upon living organisms
to be dependent upon their tension when
breathed. Nitrous oxide was a gas which, at
the ordinary atmospheric pressure, would only
produce anasthesia when administered pure,
z.e., free from air. Unfortunately, however, in
administering nitrous oxide free from all air,
asphyxial phenomena soon became developed.
But if a mixture of one half nitrous oxide and
one half air were administered in a closed
chamber in which the ordinary barometric
pressure could be doubled, then the blood
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Intvoduction. 11

C. Martin of Lyons, whose monographs
upon the subject are of great interest. Hav-
ing provided himself with an air-tight metal
chamber, and with the necessary machinery
for raising the barometric pressure, he pro-
ceeded to carry out Bert's directions. He
found, however, that by carrying them out
to the letter he met with considerable excite-
ment, and a ‘‘disturbed sleep, barely anas-
thetic.” The results were, in fact, inferior to
those obtainable with nitrous oxide as ordin-
arily given. He therefore tried an increase of
barometric pressure, raising it to 95 cm., 100
cm., and even to 125 cm., but without success.
He next tried 12 per cent. of oxygen instead
of 15 per cent, as recommended -by Bert.
Anasthesia now more rapidly ensued; there
was less excitement; there was no cyanosis ;
and recovery was satisfactory. These results
were obtained with a pressure of 105 cm. He
next raised the pressure to 110 ecm., and for
the first time he obtained results comparable
to those described by Bert. When any excite-
ment began to manifest itself an increase in
the barometric pressure quickly arrested it.
Martin found it best to wait from 2 to 3
minutes before operating, and in the event of
a long anasthesia being necessary he admin-
istered the mixture for 4 or even 5 minutes
before beginning the extraction. It is interest-
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Introduction. 13

mixture of nitrous oxide and oxygen similar to
that which he used in his pressure cases. He
was thus able to keep a dog unconscious for
half an hour. At the time of his paper he had
not tried this method in human beings, nor can
[ find any record of his having subsequently
done so. He urged surgeons, however, to give
it a trial, and stated that he intended to make
further experiments as to the best percentages
for the mixture.

Dr. Hillischer of Vienna, a well-known den-
tist, was the first to successfully employ nitrous
oxide and oxygen, at ordinary atmospheric
pressures, in dental surgery. His first paper
appeared* in 1886 ; his second™ and third®
in 1887: and his fourth’” and fifth” in 18g0.
He suggested that the gaseous mixture
should be termed ‘ Schlafgas” from the
sleep-like state into which patients pass under
its influence. Dr. Hillischer has adminis-
tered nitrous oxide and oxygen in upwards
of 15,000 cases; and the facts which he has
brought forward fully justify him in entertaining
such high opinions of the mixture he employs.
In his earlier cases he used gasometers, but
in latter years he has employed a regulating
apparatus by which the proportion of oxygen
can be increased or diminished during the
administration. He very properly directs atten-
tion to the necessity of this plan; for patients
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large number of dental operations, and In some
interesting lectures which he published” in
1889, he strongly urges the advantages of the
mixture and the correctness of Hillischer's
Views.

Dr. H. C. Wood,” of Philadelphia, has
been unable to satisfy himself as to the anzs-
thetic effects of nitrous oxide and oxygen in the
lower animals. He states, for example, that
in the dog, nitrous oxide mixed with 8 per cent.
of oxygen indefinitely postpones anaesthesia.
The tests upon which he relies, in estimating
anasthesia, are however, open to considerable
criticism. But, apart from this, we now pos-
sess such a mass of incontrovertible clinical
evidence that in the human being safe and
thoroughly satisfactory anasthesia can be pro-
duced with nitrous oxide and oxygen, that it
is difficult to understand the views put forward
by this eminent authority.

In 1886 I commenced, at the Dental Hos-
pital of London, a series of experimental ad-
ministrations of nitrous oxide and oxygen, at
ordinary atmospheric pressures, with the object
of ascertaining the best method for general
use. It would serve no useful purpose to
describe, on the present occasion, the numerous
procedures which were adopted. No less than
13 distinct plans were tried, each of which
necessitated a different form of apparatus.
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was perfect and tranquil. In a certain number
of cases, however, excitement and screaming
arose, and it was necessary to let some pure
nitrous oxide into the mixture in order to
terminate the case satisfactorily. My results
with this mixture were published in the
Lancet.*

The next point that proved to be of import-
ance was the necessity of absolutely excluding
air during the inhalation. There can be no
doubt that in administering nitrous oxide in
the usual manner a small quantity of air is
very likely to gain access to the lungs, either
under the face-piece, or at the expiratory
valve. If nitrous oxide, with or without
oxygen, be administered in such a way that
the inhaling bag is kept distended, it is
obvious that no such admixture of air can
occur. [ was at a loss for some time to
account for the better results obtained in
administering nitrous oxide and oxygen (the
oxygen being present to the extent of 121 or
10 per cent.) when the gases issued from the
gasometer under slight pressure ; but there is
little doubt that the explanation given is the
true one, and that when the gases were given
with a half-distended bag small quantities of
air gained access and disturbed the anasthesia.
The admixture of a small quantity of air
during an ordinary administration of nitrous

5
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22 Apparatus.

patient. I hope soon to be in a position to
speak more definitely upon this interesting
point, for much misconception at present exists
as to the effects produced by different per-
centages of oxygen. Without going further
into detail here, I may say, however, that
‘of the apparatus works accurately, and air
s absolutely excluded, percentages of oxygen
above those indicated, are, as a general rule
unnecessary. That cases arise in which higher
or lower percentages should be given is
beyond doubt; but such cases can only be
successfully met when a regulating apparatus
1s used. Given that no such apparatus is
at hand, the percentages to which I have
referred are certainly preferable to others, and
with these percentages good results may be
attained in most, if not in all cases. I have
found that the chief objection to higher per-
centages is the liability to excitement. It
must be remembered, too, that with 5 per cent.
of oxygen one is very near the asphyxial
borderland. Indeed, when administering a
mixture containing this percentage of oxygen,
cases will occasionally be met with in which
minor degrees of stertor, jactitation, and
lividity, are present. Such cases would neces-
sarily follow a different and more satisfactory
course were a regulating apparatus employed.

A word of caution is perhaps necessary with
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regard to keeping nitrous oxide and oxygen
together, in gasometers, for any length of time.
Hillischer states that traces of the higher
oxides of nitrogen were detected, at the end of
a week, in a mixture which had been kept in
Ludwig’s laboratory. The two gases should
therefore be mixed as required.

2. THE AuTHOR'S REGULATING APPARATUS.

Before describing this in detail it may be
well to briefly enumerate the various require-
ments which must be fulfilled by any regula-
ting apparatus for the administration of nitrous
oxide and oxygen. They are as follows :—

(1) There must be a plentiful supply of the
two gases from easily and quietly working
cylinders :

(2) The bags into which the gases pass must
be capable of being kept partly and equally
distended during the administration :

(3) The bags must be as close as possible
to the face-piece :

(4) The channels throughout the apparatus
must be sufficiently large to avoid any stress
whatever being thrown upon respiration :

(5) The regulating portion of the apparatus
must allow of very small increments and decre-

ments in the proportion of oxygen breathed
with the nitrous oxide : |
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(6) There must be accurately working
valves: (a) for preventing all re-breathing,

Sl

-f
i

FiG. 1.—The Author's apparatus.

and (6) for preventing diffusion between the
contents of one bag and the contents of the
other :
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(7) The expiratory valve must not allow of
any air being sucked back during its closure
in the inspiratory phase :

(8) The apparatus must be so constructed
that, when first applied to the face, air will be
breathed freely through it, and through the
same valves that will be subsequently used
when the mixture is turned on :

(9) The apparatus must admit of being
readily taken to pieces without the use of
tools, so that its various parts may be inspected
from time to time :

(10) The inhaling portion of the apparatus
must admit of being thoroughly -cleansed,
and of being treated with antiseptic solutions
should occasion require.

(r1) The whole apparatus must be suffi-
ciently portable to be carried in a hand bag.
tSeeiFig. 5.5

Fig. 1 represents the complete apparatus.
[t consists of two nitrous oxide cylinders, one
oxygen cylinder, a combined stand and
union, double india-rubber tubes (one run-
ning inside the other) for conducting the two
gases from the cylinders to the bags, two
india-rubber bags joined together by a sep-
tum common to both, a combined regulating
stopcock and mixing chamber, and a face-
piece.

The two nitrous oxide cylinders, the single
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oxygen cylinder resting upon them, and the
combined stand and union, are shown in
diagrammatic section in Fig. 2.

Each nitrous oxide cylinder will furnish 50
gallons of nitrous oxide gas; and each oxygen
cylinder about 15 gallons of oxygen.

CHYTSEN
— i
ETLINDER

F1c. 2.—Diagrammatic section of cylinders, and of combined stand and
union.

The combined stand and union is so made
that the cylinders can be connected together
or disconnected without the aid of spanners
or other appliances. In order to prevent
undue strain to the union when the foot-key
is being used upon the oxygen cylinder, an
adjustable screw pillar, fixed to the stand
below, is made to engage that part of the
under surface of the oxygen cylinder upon
which foot-pressure directly tells. In this way
all foot-pressure is transmitted to the stand.
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When the foot-key is placed upon one of
the nitrous oxide cylinders, and is turned, the
liberated nitrous oxide passes to its bag
through brass and india-rubber tubes of com-

Fie. 3.—Diagrammatic section of the india-rubber transmitting tubes
and bags through which the two gases pass on their way to the

regulating stopeock and mixing chamber.

paratively large calibre. When oxygen 15
similarly released from its cylinder it passes

to Jits bag through brass and india-rubber
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ber OC. There are ten minute holes between

the oxygen chamber OC and the mixing
chamber. Only three of these ten holes, OO,

Fi1G. 4.—Regulating stopcock and mixing chamber.

appear in the figure. The tubes, OT and
NOT are furnished with removable valves, 7o,
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and 2, which act during inspiration, and which
prevent diffusion between the gases of the two
bags. AH is the air-hole. 1V is the ‘main
inspiratory valve. EV is the expiratory valve,
with its chimney C.

PD, shown in dotted outline, is a partial
diaphragm, mounted upon a removable inner
tube, which serves to direct the expirations
towards the expiratory valve EV., In the
absence of this partial diaphragm there is a
tendency for the expirations to pass back again
beneath IV, and so to throw the valve-action
completely out of gear.

The chimney C is essential in preventing air
being drawn back. through EV during its
closure at each inspiration.

The inner drum, ID, which is made to
revolve by means of the handle Hs has a large
portion of its circumference cut away to form a
long slot S. The handle H is prolonged into
an indicating point or indicator.

To the circumference of the stopcock and
mixing chamber is fixed a flange with “ AIR,”
“N,O,” and “N,O + O,” engraved upon it.
There are also figures, from *“1 " to “10" in-
clusive, belonging to the “N,O + O " part of
the flange. When the indicator of the handle
H points to “ AIR,” as in Fig. 1, the slot S of
the drum 1D allows air to pass through AH
and IV during the act of inspiration ; but by




Apparatus. 31

reason of the other part of the drum covering
the orifices NOO and OO, nothing but air is
breathed. When the indicator is moved to
“N.O,”" the drum closes AH, and opens NOO,
the oxygen orifices still remaining covered.
Pure nitrous oxide is therefore inhaled. When
the indicator reaches “1" on the “N,O + O"
part of the flange, the nitrous oxide orifice
NOO still remains open, but, in addition, one
of the oxygen orifices OO, becomes uncovered
by the revolution of the inner drum. When
“2" is reached, two oxygen holes are open,
and so on up to ‘ 10,” the nitrous oxide orifice
remaining patent throughout.

[t may thus be said that directly the in-
dicator is made to point to ““ N, O,” there passes
through the stopcock a continuous and large
stream of nitrous oxide, and that any number
of small streams of oxygen, from one to ten
inclusive may, at will, be added to this con-
tinuous stream of nitrous oxide. As the in-
dicator reaches the various points on the
flange an audible click is produced by means
of a spring attached to the handle.

All the valves are made of thin sheet india-
rubber, and it is important that they should
be in good order. Should they become in-
elastic from age, or should they in any way
fail to act, as they are intended to act, with
perfect accuracy, the apparatus will not pro-
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duce good results. For example, an apparatus
may let through much larger proportions
of oxygen than usual if the nitrous oxide
valve 72" should happen to adhere, along a part
of its circumference, to the rim upon which
it rests ; the explanation being that the
suction exerted by the inspirations of the
patient would have a greater influence than
usual in drawing oxygen from the oxygen bag
owing to the abnormal resistance at the nitrous
oxide valve. The valves of the apparatus
are so arranged as to act most efficiently when
the main expiratory valve is kept as horizontal
as possible. If the whole apparatus be much
tilted during use, as would be the case if the
patient’s head should be thrown very far back,
the valves may not act efficiently.

The apparatus may be taken to pieces with
the utmost readiness by simply removing, with
the finger, the screws which connect the handle
H to the inner drum ID. In this way the
drum may be removed and the valves and
oxygen orifices inspected. The Ilatter may
occasionally require to be freed from dust.

Three or four face-pieces of different sizes
should be at hand. The air cushion of the face-
piece employed should be only moderately in-
flated, otherwise it may not fit as well as is
desirable.

In order that good and reliable results may
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be obtained, it is important that the whole
apparatus should be carefully handled. The
process of anasthetising with nitrous oxide and
oxygen is a more delicate process than that
involved in the ordinary administration of
nitrous oxide alone; and trifling defects in the
apparatus are liable to interfere with results.
The connections must be tested ; the bags in-
spected frequently ; the stopcock taken to pieces
occasionally-—in fact, the anasthetist must take
a personal interest in his apparatus if he wishes
to succeed with it.

A word may here be said as to the relative
proportions of nitrous oxide and oxygen
which the apparatus is capable of furnishing.
As will be pointed out in the following chapter,
much will depend upon the state of the bags
during the inhalation, and especially upon
whether they are kept of equal size throughout.
But it is necessary to mention, in the present
connection, that each apparatus possesses slight
peculiarities of its own. It is a difficult matter
to produce two models which will act in pre-
cisely the same way. The result is that the
anasthetist must observe what his particular
apparatus is capable of doing. With one model
it may not be possible to reach “8" upon the
flange without excitement arising ; whilst with
another model “ 9" or “ 10” may be reached in
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The following appliances should always be
in readiness —Mouth props of various sizes,
a Mason’s gag, a pair of tongue forceps, some
nitrite of amyl capsules, and instruments for
performing tracheotomy. Although I have
never had occasion to use tongue forceps,
nitrite of amyl, or tracheotomy instruments n
connection with this form of anasthesia, it is
nevertheless important to be fully prepared
for all contingencies.

A third person should always be present
in the room from the time the inhalation is
begun till the patient's consciousness is fully
restored.

The administration should not be under-
taken by the same person who performs the
operation.

The importance of loose clothing cannot be
too strongly insisted upon. In order that the
induction of anzsthesia may be successfully
accomplished, it is necessary that the air in
the lungs should be exchanged as quickly as
possible for the anasthetic gas. In order
that this may be effected, the bases of the lungs
must expand by diaplragmatic action. 1If there
be tightly-fitting corsets or waist-bands, the
diaphragm cannot descend fully; the breath-
ing will be restricted and to a great extent, or
entirely, thoracic ; interchange between the air
in the lungs and the anesthetic will only
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THE ADMINISTRATION.

Wirn the object of making this part of the
subject as clear as possible, it will be well to
confine our attention in the present chapter
to the details of an ordinary or average ad-
ministration, and to the effects which such
an administration produces in an ordinary or
average patient. As the majority of those
who require aneesthetics in dental practice are
women, it will be advisable to take as our
normal type a young woman, of medium height
and build, of medium complexion, and not
markedly nervous. When we have fully con-
sidered the method which should be adopted
in ansthetising such a patient we shall be in
a position to discuss, in a subsequent chapter,
the slight modifications in procedure which are
essential in dealing with other types of patients.

An endeavour should be made to avoid all
disturbing influences during the administration.
The room should be kept quiet. Friends should
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not be permitted to hold the patient's hand.
There is no objection to the operator holding
the hand of a nervous patient if confidence is
likely to be gained in this way. The anes-
thetist should say a few words to the patient
during the first moments of the inhalation, but
not a word should be uttered after this, until
the operation has been completed. With
nervous subjects it is often a good plan for
the anesthetist to count aloud, as the patient
breathes. Under any circumstances the anas-
thetist should instruct the patient how to
breathe. The anasthesia is likely to be dis-
turbed by any conversation, loud noises, the
comments or questions of anxious friends, &c.
Even feeling the pulse at the wrist is likely
to induce nervousness, and should be avoided.
In a word, the patient should be left as much
as possible to herself.

When considering, in Chapter III., the pre-
parations which are necessary before an ad-
ministration is commenced, it was stated that
the bags containing the nitrous oxide and
oxygen should, if possible, be charged with
their respective gases, and that the foot-key
should be placed upon one of the nitrous oxide
cylinders, before the patient enters the room.

The patient having assumed a perfectly com-
fortable posture, and a mouth-prop having been
adjusted, the face-piece should be applied.
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Air will now be breathed through the ap- .
paratus, each expiration escaping at the ex-
piratory valve,

i it e
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Fi1G. 5.—The administration.

The anwmsthetist should request his patient

|

to take long deep breaths, backwards and
forwards, through the mouth. Nasal breathing
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completely exclude atmospheric air than when
using the latter. There are, however, several
objections to mouth-tubes. The idea of holding
between one's lips a tube that has just been
used by another patient is not a pleasant one,
even though the most scrupulous cleanliness
may have been enforced. Moreover, it is
essential, in using a mouth-tube, that the nose
should be clipped or held, in order to prevent
any air entering the nasal passages. And,
lastly, breathing is liable to be impeded by the
tube necessarily being of small calibre. Taking
" everything into consideration, therefore, the
face-piece has distinct advantages. But con-
siderable practice i1s required before perfect
coaptation can be secured in all cases. Un-
fortunately, when employing the mixed gases,
any want of coaptation cannot be met by
increasing the pressure at which the gases
enter the face-piece, for distension of the bags
would at once throw the regulating mechanism
out of gear.

(2) The fulness and relative sizes of the
bags. In order that the regulating mechanism
may work properly it is necessary that the two
bags should be kept as nearly as possible of
equal size throughout, and only partly dis-
tended. The aneesthetist has, in fact, to use
his foot as much as his hand, and to let in
nitrous oxide to its bag in such quantities that
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the bag remains the same size as the oxygen
bag. The latter necessarily grows gradually
smaller, and the anzsthetist, therefore, has to
keep the nitrous oxide bag less and less full.

(3) The Admission of Oxygen. Given that
the apparatus works satisfactorily and in the
usual manner, the anasthetist must regulate the
admission of oxygen in accordance with the
type of his patient, and with the symptoms that
the patient displays. There is, unfortunately,
no rule which will apply to every case. After
some experience the administrator will recog-
nise that he has at his disposal an apparatus by
which he can, if he wishes, obtain two totally
different groups of symptoms.

[f very little or no oxygen be given, the
ordinary phenomena of nitrous oxide narcosis
will present themselves, viz., blueness, lividity,
or duskiness of the features, epileptiform
muscular twitchings of the trunk, extremities
and face, and obstructive stertor.

If too much oxygen be admitted, there
will be no alteration in colour, no epilepti-
form convulsive movements, and no stertor,
but violent mental and muscular excitement
(laughter, shouting, kicking, stamping and
struggling) will attend the administration, and
will be almost as objectionable as the asphyxial
phenomena produced by pure nitrous oxide.

There are thus two extremes—two ends of



The Administration. 49

the scale—and each extreme must be avoided.
The anzesthetist has, in fact, to steer a middle
course, and to keep a sharp look-out. A little
practice will enable him to avoid the Scylla of
asphyxia on the one hand, and the Charybdis
of excitement on the other. He will find, after
a time, that he is able to detect even slight
deviations from the proper course, almost
before such deviations have taken place.
Generally speaking, a gradual and progres-
sive increase in the percentage of oxygen is
advisable. In -such a case, for example, as
that which we have pictured to ourselves, the
best results will be obtained by starting the
inhalation, as already mentioned, with from 2
to 4 per cent. of oxygen, and then progressively
increasing this proportion to 8 or g per cent.
[t seems to me that it is a mistake to adopt
the plan which is customary in Germany, and
to begin with as much as 10 per cent. of
oxygen. It is surely more rational to make an
allowance for the oxygen present in the lungs
when the administration begins, and we should
therefore commence with a very small per-
centage of this gas. As the lungs lose the air
they contained, so the percentage of oxygen
in the mixture may be increased, provided that
no symptoms of excitement arise. If a 10 per
cent. mixture be used from the commencement,

excitement is liable to ensue from the undue
4
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proportion of oxygen. Witzel,” for example,
who follows this course in his administrations,
finds it necessary to employ arm-rings, foot-
straps, and other appliances to restrain the
patient’s movements, and to have at hand, on
all occasions, strong and trained assistants.
Such precautions are unnecessary when the
method here advocated is followed.

I find it best, as a general rule, to allow two
or three inspirations of the mixture to take
place with the indicator at “2"; two or three
more with it at “3”; two or three more with
itat “4"”; and so on till “6” or “%” is reached.
Usually, by the time the indicator has reached
this point the anasthetist will be able to
recognise the existence of one of three condi-
tions. There will either be evidence to show

(a) that the proportions of the two gases
are properly adjusted ;

(B) that the proportion of oxygen is rather
in excess of that which is needed, and should
therefore be diminished ;

or () that this proportion is rather less than
that required, and should therefore be in-
creased.

(a) The absence of any indications of ex-
citement on the one hand, or of asphyxia on
the other, will prove that the proportions of
the two gases are properly adjusted. Under
such circumstances the indicator may either
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be kept at “6” or *“7” for several breaths,
and then gradually turned to “8,” “9,” or
“10,” or it may be allowed to remain at “6"
or 7 " till anzsthesia is fully and satisfactorily
established.

(B) Should there be an unaltered colour,
associated either with slight phonation, hardly
perceptible breathing, a tendency to laughter,
or slight restless movements of the head, trunk,
or extremities, the oxygen indicator should be
turned back slightly ; for these symptoms in-
dicate that too much oxygen is being inhaled.

(y) Should the breathing be loudly snoring
in character, or the colour rather dusky, or
should slight general clonic movement of the
body, head, or extremities be evident, the
oxygen indicator must be moved on; for such
symptoms indicate a deficiency of oxygen.

In one or other of these three ways the
patient will pass into deep and satisfactory
anzsthesia characterised by certain definite
phenomena. The experience of recent years
has convinced me that in administering nitrous
oxide and oxygen we should endeavour to
obtain an anzesthesia similar in most of its
features to the best types of ether or chloroform
anesthesia. If we aim at inducing a perfectly
sleep-like state in which the colour of the
features is absolutely unaltered or is even
heightened, and the breathing is so tranquil
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that it is inaudible, we shall not only be liable
to meet with excitement, but the anmsthesia
will, at all events in many cases, be less pro-
found than is desirable. Moreover, it is not an
easy matter, when the breathing is inaudible,
to estimate the depth of anwsthesia. We
should therefore, I think, endeavour to bring
about an anesthesia characterised by softly
snoring breathing, a good pulse, a colour as
near the normal as possible, an insensitive
ocular conjunctiva, relaxed eyelids, a fixed
condition of the lobes, and the absence of
muscular rigidity in the extremities.

Sometimes, and especially after a phase of
rapid breathing, or when a good deal of oxygen
has been given, the respiration may come
almost or completely to a standstill without
there being the slichtest need for alarm. The
apneeic state is associated with a good pulse
and colour, and will quickly pass off when the
proportion of oxygen is reduced.

The pulse is always as quick as, or quicker
than it was immediately before the administra-
tion. In most cases the initial acceleration
from nervousness gradually increases to a
maximum, and then declines somewhat, though
it never falls below its initial acceleration rate.
[ am unable to agree with Hillischer’s observa-
tion that the pulse-rate sinks to normal during
anasthesia.  Dr. Oliver* observed, in using
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his arteriometer, that the pulse calibre was not
reduced as in the case of pure nitrous oxide.
The small, feeble, and exceedingly rapid pulse
which not unfrequently may be felt at the acme
of an ordinary nitrous oxide inhalation, 1S not
met with when oxygen is present with the
nitrous oxide in sufficient quantities. [ have
never, in fact, come across any indications of
circulatory failure during the administration of
the mixed gases. The tongue and adjacent
structures are less engorged than when nitrous
oxide is administered free from oxygen.

The eyes are generally closed throughout.
Some patients, however, prefer to keep them
open when the inhalation begins, but as it
proceeds the globes gradually cease to fix
themselves on surrounding objects, and the lids
become approximated. During the first minute
or so of the inhalation any attempt on the part
of the administrator to raise the upper lid will
be resisted by the patient. But after the first
minute the lid will gradually relax ; and when
it can be raised without any resistance, and
the conjunctiva can be touched without reflex
response, it may generally be assumed that
sufficient anaesthesia is present. Sometimes
fine oscillatory movements of the globes may
be seen on raising the upper lids. The pupils
are generally of medium size or moderately
dilated. There is a striking contrast between
the closed lids of this form of anasthesia and
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the open and turned-up eyes so often seen in
ordinary nitrous oxide narcosis.

Amongst the numerous points to which
attention must be paid in conducting the ad-
ministration, there is one which is of consider-
able importance. It is that the anzsthetist
must allow for what may be termed the
delayed effects of admitting more or less
oxygen. For example, let us suppose that
slight phonation occurs when the indicator
pointsiite 7.2 By turning it to) 3 o W
the phonation will in the course of a few
moments subside. But if the indicator be
kept at ““3” or “4" till the patient is perfectly
quiet, the ansthetist will probably have gone
too far in the asphyxial direction. He should

1

turn to “3" or “4" for a few breaths only
and return to “5,” “6” or ‘%" before the
phonation has ceased. In other words, he
must bear in mind that a little interval must
necessarily elapse before the effects of an
increase or decrease in oxygen admission will
become manifest.

As regards the length of inhalation which
is necessary to produce the typical phenomena
of the anmsthesia, I have found that it is, on
the average, 110 seconds, Z.e., nearly twice the
length of the average nitrous oxide inhalation.
The juncture at which the administration

should be terminated must, however, depend
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upon the circumstances of each case, such,
for example, as the susceptibility or insus-
ceptibility which the patient has displayed,
the nature of the proposed operation, and the
length of time that has elapsed since food
was taken.

The quantity of the mixture required to
produce anasthesia will likewise wvary con-
siderably, being dependent upon the propor-
tion of oxygen employed, the depth and rate
of respiration, the length of inhalation, the
type of patient, and other factors.
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and it is this kind of knowledge which is
essential in deciding upon the particular lines of
treatment which should be adopted in anzs-
thetising patients by the method now under
consideration.

In the preceding Chapter we discussed the
plan which should be followed in dealing with
those types of subjects most commonly met
with. We have now to consider what modi-
fications in that plan are advisable when
anasthetising patients of other types.

Sex and age.—In anesthetising small
children, more oxygen than usual must be
admitted.  Should crying take place, the
administration should be commenced with the
indicator at “8" “g9" or 10" ; for the crying
tends to introduce an asphyxial element. I
have anasthetised two or three children of three
years of age, by means of the mixture, but with

0oy

moderate success only, the anasthesia being
very transient in such small subjects. In older
children the indicator may usually be placed at
“37 or “4" to commence with, and moved on
rather more quickly than usual to “35,” “6,”
etc. By the time “10” is reached, the
breathing will probably have become so tran-
quil that some doubt as to the presence of
anesthesia may be felt; the indicator should
therefore now be turned back to “5,” “4 " or
even “ 3,” when snoring will be certain to com-
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temperaments.  Highly excitable and emo-
tional persons are liable to give slight trouble.
They sometimes voluntarily hold the breath,
or scream, before the ansthetic is actually
breathed. =~ They often, moreover, require
considerable quantities of the mixed gases
before the conjunctival reflex vanishes. In
many cases, indeed, this reflex will not dis-
appear, and the anwsthetist has to judge by
other signs that his patient is ready for the
operation.

Highly neurotic persons usually display a
shorter available anasthesia than others.
Thin, pale, dark-complexioned young women,
of nervous temperament are particularly liable
to prove difficult of management. With
nitrous oxide alone the full effects of the
gas are produced in a few respirations; the
asphyxial element is conspicuously present;
and the resulting anzsthesia is disturbed and
brief. Much better results may be obtained,
however, with the mixture if the administra-
tion be conducted properly. Oxygen should
be rather sparingly admitted at first; it should
then be somewhat more freely given; and a
long inhalation secured. @ With regard to
hysterical women, we may say that, although
one cannot always depend upon obtaining
perfect results, such patients are, as a rule,
remarkably good subjects for the mixture,
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excitable, imperfect anasthesia from too much
oXxygen may arise. In most cases it is possible
to retain the patient’s normal colour throughout
the administration. Curiously enough, I have
notes of one or two cases, in which no obvious
alteration in colour occurred even though, as
was obvious from the presence of ‘‘mild
oscillation,” the oxygen of the mixture was
considerably reduced. These cases are very
exceptional. Should the patient be pale from
nervous apprehension, the pallor will become
replaced by the natural colour as the inhala-
tion proceeds. Generally speaking, anamic
subjects are very tolerant of oxygen, and in
their case this gas should be admitted more
freely than usual, the indicator being placed
at “3"” or “4"” at the beginning of the
administration.

Alcoholic indulgence. — Alcoholic subjects
generally do well with rather less oxygen than
usual, and the administration should be as
prolonged as is considered advisable, in order
to produce as deep an anasthesia as possible.
As with other anasthetics, delay in producing
anasthesia is liable to arise, and the anzsthetic
state is often short and imperfect in character.
Movements of the head, arms, or legs are not
uncommon during the inhalation, so that care
should be taken not to give more oxygen than
is needed to avoid asphyxial phenomena. In

iy
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If the air-way be partly obstructed by large
tonsils, adenoid growths, or other conditions;
if the patient be the subject of chronic bron-
chitis, emphysema, phthisis, or other allied
diseases; or if breathlessness from some
cardiac affection be present; more oxygen
than usual must be given in order to neu-
tralise, as it were, the unusual asphyxial ele-
ment in the case. If this be done, nitrous
oxide anasthesia may be safely induced in
nearly every case.

There are, however, a few highly exceptional
conditions in which some other form of anws-
thesia is perhaps preferable. I refer particularly
to patients suffering from such dyspncea that
no tightly-fitting mask can be applied—patients,
for example, who are the subjects of aneurysmal
or other pressure upon the trachea, very ad-
vanced phthisis, hydrothorax, and other grave
respiratory conditions. Putting such excep-
tional cases on one side, we may safely
administer nitrous oxide and oxygen to all
other patients.

Affections of the circulatory system.—It is
well known that patients with diseases of the
heart are good subjects for anwsthetics, provid-
ed that care be taken in selecting appropriate
methods.

I have administered nitrous oxide and
oxygen to patients with all the commoner
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insensitive. His appearance was so alarming
that no operation was performed. The
tongue was drawn forwards, and gradually
the threatening symptoms vanished. [ sub-
sequently administered nitrous oxide and
oxygen to this patient. The pupils never
became widely dilated, and no trouble what-
ever occurred. In the case of a lad with
aortic regurgitation, who was pale, probably
from fright, before the administration, the
pulse markedly improved as the inhalation
proceeded, and the pallor lessened; during
the operation the normal florid colour was
completely restored. 1 have observed exactly
the same train of symptoms in a patient who,
at the time of the administration, had an ex-
ceedingly feeble pulse, and was pale from
shock produced by fruitless attempts to ex-
tract a tooth without an anesthetic. One
patient to whom [ administered the mixture
was the subject of a large intra - thoracic
aneurysm; no bad effects followed. In
elderly persons with atheromatous vessels, it
is probably better to administer nitrous oxide
and oxygen than nitrous oxide alone; but
the present state of our knowledge concern-
ing the differences in arterial tension in the
two cases prevents any positive statement
being made.,

Affections of the nervous system.—I have






- a X ; ] i . A T . . .
F | ] b
J L o & ¢




1 mieEr] oo 1 e % o o e by e |
| 18 . L i L - E I a
A W= LT CLETLL 4] oL LT £
v J Y- L 5 y L " | LG L L L | | - B LN L
| \, . L =~ 3
a8 = e L% | " > L o L L , L -
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secure an available anzesthesia of 50, 60, or
even 70 seconds. But although the duration
of the inhalation has a very marked influence
in determining the length of the subsequent
unconsciousness, there are numerous other
factors. The type of subject occupies a pro-
minent position amongst these. Children,
excitable, neurotic patients, alcoholics, and
inveterate smokers, usually remain a shorter
time than usual under the influence of the
anasthetic. On the other hand, anaemic, non-
excitable young men and young women,
middle - aged women of spare build, and
persons of both sexes who are in indifferent
health may remain tranquilly anzesthetised for
a comparatively long time. The amplitude
and rate of the breathing immediately after
the face-piece is removed is another factor.
Should the operation be such that the lower
jaw becomes depressed towards the sternum,
temporarily obstructed respiration may ensue,
and this, by preventing the exit of the
imprisoned anzesthetic, and the entrance of
atmospheric air, may lead to a prolongation
of the anmsthesia. The same result may
be brought about by sudden alterations in
the posture of the head, by which respira-
tion becomes mechanically obstructed. A
somewhat similar lengthening of the usual
anzsthesia is occasionally observed in stout,
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patient is not conscious at the time. Certain
patients, especially men who are alcohu.;lics, or
inveterate smokers, are prone to muscular
spasm, and when this spasm affects the chest
and abdomen, 'tempﬂrari]}r arrested breathing
necessarily occurs. There is no occasion for
alarm in these cases, as the breathing quickly
regains its normal rhythm. Cyanosis may also
occur in connection with morbid states, such
as enlarged tonsils, nasal polypi, post-nasal

adenoid growths, bronchitis, etc. And, lastly,

a faulty posture of the patient may induce it
(see remarks, p. 38).

Shallow, imperceptible, or arrested breath-
ing, associated with a good pulse and colour.
This condition, which should not alarm the
anasthetist, is discussed on p. 52.

Very violent respiration at the outset of
the administration may generally be -corrected
by requesting the patient to breathe more
quietly. Should consciousness have been lost
when this kind of respiration occurs, an
attempt may be made to check it by adminis-
tering rather less oxygen. Generally, how-
ever, the condition subsides spontaneously,
to be followed by “respiratory calm” (see
p. 52). In some instances, and especially when
patients are very nervous, the whole body may
move backwards and forwards synchronously
with the exaggerated breathing.

o o
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Coughing, Crying.—Iiach of these is liable
to be followed by asphyxial manifestations,
even if the mixture contain a considerable
percentage of oxygen. The former may be
dependent upon faulty posture, and is to be
treated by tilting the head forwards.

Retching or vomiting during the adminis-
tration.
administration is to be treated as described on

Retching at the very outset of the

p. 40. Should retching accur towards the end
of an administration, the inhalation should be
discontinued.  Retching movements are most
likely to come on in protracted administrations,
and when a considerable percentage of oxygen
has been used. They are not necessarily
followed by vomiting, even though food be
present in the stomach. When the patient
has abstained from food for several hours, both
retching and vomiting are very exceptional.

Micturition.—I have only known this to
occur twice in the 11 years during which I
have administered nitrous oxide and oxygen,
and in these cases no such accident would have
taken place had the usual precautions been
adopted.

Dangerous symptoms.—When sufficient
oxygen 1s administered with nitrous oxide
to prevent asphyxial complications there is
every reason to believe that the anzesthesia

produced is free from risk to life. A careful
6
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study of every fatality which has been recerded
in connection with the use of nitrous oxide gas
shows that in most, and probably in all cases
in which this agent has caused death, absence
of oxygen has been primarily responsible for
the occurrence. The same may also be said
of those reported -cases in which alarming
symptoms have taken place during the
administration of nitrous oxide by the cus-
tomary method. The addition of oxygen to
nitrous oxide renders this agent respirable,
and robs it of its chief, if not its only risk.
There has not yet been recorded a single
fatality from nitrous oxide and oxygen, and
it is difficult to understand how one could
occur.  Although I have now used nitrous
oxide with oxygen in several thousand cases,
I bave only met with one case which has given
me the slightest anxiety, and the symptoms in
this case were only secondarily dependent upon
the anmsthesia. The patient was a strongly
built, nervous man, and good anwsthesia had
been induced ; but on altering the position of
the head in order to facilitate the removal of
an upper tooth, respiration temporarily ceased
and 1 had to pass my finger to the back of
the throat to separate the tongue from the
pharynx. With this exception I have not had
a single case which has given me any anxiety.

Highly exceptional cases.—It is only right
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to state, before concluding this chapter, that
although exceptional cases are, in  most
instances, traceable either to some error in the
preparation of the patient, or to some fault in
the actual administration, they are not always
referable to such causes. Thus, there are
some patients who, whatever plans may be
adopted in administering the mixed gas,
cannot be made to pass into that tranquil state
of anzsthesia which it 1s desired to establish.
Under such unusual circumstances, the admin-
istrator must be satisfied with an anazsthesia
which approaches to, or is identical with that
ordinarily obtainable with nitrous oxide alone,
—in other words, he has to cut off the oxygen
supply and terminate the case with the usual
phenomena of nitrous oxide narcosis. Then
there are other patients who, although they
can be made to exhibit the usual signs of
nitrous oxide and oxygen anasthesia, remain
such a short time under the influence of the
anzesthetic that one cannot help feeling dis-
satisfied with the result. With regard to such
cases as these, all one can say is that with
nitrous oxide alone they would certainly have
been even less satisfactory. Fortunately, they

are extremely exceptional, so that we need not
further consider them here.,
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tion of pure nitrous oxide, and to suffer from
no such discomfort after the inhalation of this
gas with oxygen. In another of the cases
of which I have notes the administration of
nitrous oxide per se had been followed by
numbness of the arms and legs, and blueness
of the hands, the symptoms persisting for some
time ; recovery was, however, perfect after
nitrous oxide and oxygen. In another case,
that of a healthy-looking lad, the boy looked
much better after the administration of the
gas with oxygen than after an administra-
tion which had previously been conducted in
the ordinary way. In a fourth case, that of
a man 33 years of age, who had on a previous
occasion experienced temporary loss of vision
after inhaling pure nitrous oxide, no such
symptoms were noted after the use of nitrous
oxide and oxygen. The infrequency of dis-
tressing dreams when oxygen is used with
nitrous oxide is referred to below.

Should the inhalation have been some-
what protracted, recovery will probably not
be quite so satisfactory as after nitrous oxide
alone. On such occasions as these, the
patient may remain dazed and torpid for a
few minutes, or he may complain of sleepi-
ness and wish to be left undisturbed. In
some cases, giddiness, headache, or feelings
of numbness and tingling in the limbs may be
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experienced. Nausea, with or without actual
retching movements, may also be induced
by prolonged administrations, and if there be
food present in the stomach, or if blood has
been swallowed, vomiting may occur.

As already mentioned (p. 36), it is very
important, when a rather difficult dental
operation has to be performed, and as long
an anasthesia as possible is desired, to care-
fully regulate the patient's diet. If this be
done, inhalations lasting from two to three
minutes may generally be conducted without
any subsequent nausea occurring.

[ find, on looking through my note books,
that, of the cases in which retching or
vomiting occurred after inhalation, there are
eleven in which the interval between the
taking of tood and the administration is re-
corded. Of the retching cases, one was a
female of 43—interval 2% hours; another
was a female of 4s5—interval 3 hours; the
third was a male of 23— interval 3 hours, Of
the vomiting cases, one was a female of 35—
interval 4} hours; one was a female of 13—
interval 21 hours; one was a female of 10—
interval 21 hours. The rest of the vomiting
cases were males. Four were aged 15—in-
tervals 28 hours, 23 hours, 2 hours, and § an
hour respectively ; one was aged J2—interval
31 hours. Although these facts are very
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after this treatment. Even if vomiting has
taken place, a draught of very hot water may
be given with advantage. Should pallor and
faintness attend these gastric disturbances, the
patient should be placed horizontally, pre-
ferably in the lateral posture.

Hysterical outbursts, crying, laughing, and
similar emotional disturbances are less common
than after nitrous oxide free from oxygen.
The one case in which [ met with a temporary
maniacal seizure is referred to on p. 64. 1
have also once met with curious rigidity of a
cataleptic character, after the administration.
The patient was a female aged 26. She
displayed the typical phenomena of nitrous
oxide and oxygen anasthesia; but after the
operation was over she sat for a few minutes,
with outstretched hands, open mouth, and
closed eyes. Her colour was unaltered.

Distressing dreams are less common after
nitrous oxide and oxvgen than after nitrous
oxide alone. The cause of this difference is
difficult to define, but it is probably connected
with the deeper form of anasthesia which
undoubtedly follows the inhalation of the
mixture. Generally speaking, either no dream
whatever is experienced, or the dream is of a
pleasant description.
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ArprianceEs which should be in readiness, 37.

ARTERIAL TENSION under nitrous oxide and oxygen, g,
67,

ASPHYXIAL PHENOMENA, absence of when oxygen is
used, 8, g, 11, 16, 50; in patients with respiratory
affections, 64; induced by nitrous oxide, 7, 44,
82; from too little oxygen, 48, 51; in alcoholic
subjects, 63 ; induced by coughing or crying, 8r.

ATHEROMATOUS VESSELS, patients with, 67.

ATHLETIC SUBJECTS, 59, 78.

AvaiLaBLE anaEsTHESIA for dental operations, 6g.

AVERAGE OR ORDINARY CASES, the administration in, 42
et seq.

Bacs for administering the gases, 23, 27, 28 ; fulness and
relative sizes of, during administration, 47.

Bearps, patients with, 6o.

BerT, early work of, in connection with use of oxygen,
7, 8, g; his apparatus, g; his experiments at ordin-
ary atmospheric pressures, 12 ; his method used by
Martin, 11.

Brapper, advisability of emptying, 36, 81.

Broop, Bert's views as to solubility of nitrous exide in, 8.

Broop-prRESSURE (see Arferial tension).

Bruexess of the features (see Cyanosis).

BreaTHING, amplitude and rate of, 44, 71; at outset of
administration, 44, 47, 80; cessation of, associated
with good pulse, 52, 80; diaphragmatic, 37; em-
barrassment of, 58; hardly perceptible, 51, 52, 57,
8o; of deep anzesthesia, 52 ; patients suffering from
difficulty of, 65; provisions for free, 37; restricted,
37, 45 ; snoring, 51, 52, 57: temporarily obstructed,
71, 72, 82 ; violent, So.

BreaTHLESSNESS, cardiac, 65.

BroNcHIAL AFFECTIONS, patients with, 6o, 635, 72.

CARDIAC AFFECTIONS (see Heart).
CataLEPTIC STATE after inhalation, 88.
CuaracTeRrIsTICS of nitrous oxide and oxygen anasthesia,
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EARLY ADMINISTRATIONS of nitrous oxide, 2 ¢f seq.; of
nitrous oxide and oxygen, 8,

ELDERLY PERSONS, 58, 67,

EmerceExcIES under nitrous oxide and oxygen, appliances
for treatment of, 37.

ExpuysEMma, patients with, 635, 72,

EuprosTHOTONOS, 77.

EriLEPsY, patients suffering from, 14, 68.

EPILEPTIFORM MOVEMENTS, absence of, when oxygen
used with nitrous oxide, 16, 48 ; presence of when
oxygen supply diminished or cut off, 48 ; consequent
upon want of oxygen due to respiratory spasm, 78
(see also Muscular phenomena—clonic).

EvANS'S DEMONSTRATION, §; his apparatus for nitrous
oxide, 5.

ExceEPTIONAL cASES, 76 ¢f seq.; highly exceptional cases,
32, ;

EXCITABLE SUBJECTS, BI.

ExciTEMENT, absence of, 50; in early nitrous oxide
administrations, 4 ; under nitrous oxide and oxygen,
IT, 22; 48, 51,

ExpiraTORY VALVE of regulating apparatus, 25, 32.

EXTENSION OF HEAD UPON THE SPINE, objections to, 38.

Eves anD EYELIDS, state of, during anwmsthesia, 52, 53.

Face-piECES, 24, 32; ftting of, 45, 46; re-application
of, 74. '

FainTNESs, as an after-effect, 87.

Firting of face-piece, 45, 46.

FirsT apMiNisTrRATION of nitrous oxide, 2: of nitrous
oxide and oxygen, g.

Foop, regulations as to, 35, 36, 84, 86, 87.

FuLness and relative sizes of bags during administra-
tion, 47

GasoMeETER methods, 17, 21.
GENERAL coNDITION of the patient, 58.
Gippiness as an after effect, 8s.

Hair about face, patients with, 6o.
HEeapacHE, as an after-effect, 84, 85,
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