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Nirrous oxide has been the most popular anesthetic agent in the medi-
cal and dental profession ever since it was popularized in 1868. Its
popularity has increased steadily in the past seven or eight decades,
with comparatively little reference made to the dangers inherent in
this agent when the oxygen is reduced seemingly to increase the potency
of the gas.

Although the gas was discovered by Priestley in 1775, and recom-
mended by Davy (1800) (1) that it be used in surgery, it was Wells, Col-
ton and Evans (2) who popularized its use. Not until the work of Hew-
itt, Andrews and Bert (3, 4, 5) was reported, however, did the necessity
for combining oxygen with nitrous oxide become apparent. In 1915,
Teter (6) introduced his machine for anesthesia but recommended only
5 to 10 per cent oxygen mixtures and advocated disregard of eyanosis.
As late as 1911 McKesson (7), with the introduction of his machine and
its improvements, still taught that subnormal amounts of oxygen should
be administered with nitrous oxide. His hypoxial procedures spread
rapidly, disseminated by popularization of the ‘‘saturation’” and “‘sec-
ondary saturation’ technics, since it was found that induction with
100 per cent nitrous oxide was very fast and pleasant to the patient,
and diminished the time of the induction.

No reference was made in the early days to any morbidity or mor-
tality associated with the administration of this gas, although it scarcely
seems possible that none occurred. Although in 1896 Kemp (8) indi-
cated that some anoxia existed with nitrous oxide anesthesia, and
although this was later substantiated by Leake and Hertzman (9),
Greene et al. (10), Brown, Lucas and Henderson (11), it required a
series of independent investigations of morbidity and mortality during
and following the use of this drug, accompanied by anoxia, to erystal-
lize and make apparent the inherent dangers Considerable work was
published (12) to demonstrate that anoxia can and does produce tem-
porary and permanent damage (13, 14, 15, 16) to the brain, particularly
and primarily, and to the other organs with more reversibility (17).
Courville’s work (18, 19) left no doubt that a close relationship existed
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between anoxia and the various types of death occurring during or after
the anesthesia.

As the effects of anoxia became clearer, more case reports and patho-
logical findings (20, 21, 22, 23) in delayed deaths were found in the
literature. In spite of this acecumulated knowledge it was necessary
for the thesis by Rovenstine and Barach (24, 25) to arouse the interest
of the medical and dental professions and to resound in the newspapers
(26, 27) and focus public attention on this problem. Publicity of the
danger of anoxia caused some confusion but helped to popularize the
use of nerve block or ‘‘conduction’’ anesthesia. Not much was done
to correct the negative phase of this widespread reaction. Even the
legislatures began to speak of laws to limit the use of anesthetics to
specially trained anesthetists.

Rovenstine and Barach advocated that oxygen 20 per cent and
nitrous oxide 80 per cent be combined in one cylinder under a pressure
of 700 pounds so that at no time could less than 20 per cent oxygen be
furnished to the patient. It is recognized that this is an expensive pro-
cedure, but the necessity to maintain a safety factor makes consider-
ation of expense negligible. Such dispensation of the mixture, how-
ever, requires the cooperation of the manufacturers, which was not
readily obtained. One admitted that it was being done, but only for
experimental purposes, and the product was allocated to only one
clinie.

The other manufacturers refused for various reasons. The most
common and most applicable reasons are the following: *“1,(28) Cyl-
inders could only be filled to a third of their normal capacity and have
such a mixture come out with any degree of uniformity; 2, that circum-
stances would mean that three times as many cylinders to handle such
requirements would be necessary, as would be necessary if the gases
were supplied individually; that, 3, therefore, transportation and de-
livery costs also would be trebled; and 4, that with the scarcity of
cylinders that developed during the war . . . that the backlog, of un-
filled orders, which represents about a two years requirement for this
industry, would still further be increased.”” . .. (29, 30, 31) these
two gases in combination are not practical because depending on the
patient and the particular situation, 20 per cent oxygen would not
always be sufficient.”” We have encountered unpremedicated individu-
als who cannot be anesthetized with this mixture beyond Stage IT with
its attendant delirium and uncooperative motor hyperactivity.

In dentistry one must necessarily deal with ambulatory, fearful and
emotionally distressed patients. These factors are probably the great-
est contributors to raising ‘‘reflex irritability,”” (32) and thus render-
ing nitrous oxide a less potent gas. These factors, perhaps with the
exception of the specific toxemias, raise reflex irritability more than
all others combined. Not only is nitrous oxide rendered more innocu-
ous, but the tissues and their cells become much more active, so that
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the demand for oxygen becomes greater. It then follows that any
diminished oxygen supply will necessarily create a greater demand,
far out of proportion to an average state.

Premedication to lower the reflex irritability has been considered
and attempted but discarded for several reasons. The use of opiates,
barbiturates, or even scopolamine led to prolongation of the office visit
time which interfered both with the dentist and with the patient. If
these drugs were given in sufficient time it meant that either the patient
had to be brought by someone else at the appointed hour, or that the
patient would have to come to the office at least one hour before the
appointed time. These drugs required a prolonged postoperative re-
covery period, which again required the assistance of an extra person,
increased office space, and recovery rooms, and which, finally, added
considerably to the loss of time for the patient and dentist. Another
objection to the use of premedicants is that they are habit-forming.
Since most dental work requires repeated visits it is easily understood
how addiction to these drugs could become established.

The so-called basal anesthetic, avertin, as a premedicant again pro-
longs the ““office visit time,’’ is a big premedicant for a small job, and is
not without its morbidity and mortality per se (33). The disagreeable
xide effects, such as soiling of the clothes, add to the contraindication
of its use. .

To avoid these disadvantages it was decided to investigate the use
of more potent agents. Ethylene and cyclopropane, 30 per cent and 100
per cent anesthetic agents respectively, would be more practical but
they cannot be safely used in an office because these anesthetic mixtures

are in the explosive range. Some consider the garlic-like odor of

cthylene too offensive, but in our experience this has not been objection-
able to the patients. Divinyl ether meets the requirements by its ease
of induction and rapidity of elimination, but in addition to its inflamma-
bility it is difficult to maintain in an open system, produces excessive
mucous secretion, and contributes to post anesthetie vomiting, vertigo,
und general malaise.

Ethyl chloride and chloroform are summarily dismissed as too
dangerous. Trichlorethylene has not been used, but will be investi-
gated. Observation of this drug in general surgery, however, has
demonstrated prolonged recovery time compared with the gaseous in-
halation agents, and the occurrence of arrhythmias.

Ethyl ether has received considerable mention and need not be
discussed here. Briefly stated, it requires premedication for drying
sceretions, has a prolonged induction and recovery time, and produces
uncomfortable postanesthetic sequelae, nausea, retching, vomiting, and
so forth. :

Sodium pentothal bears the same objections as enumerated, but also
carries its own dangers of laryngospasm, bronchospasm, and other
overactive parasympathetic manifestations. It is now generally con-
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ceded that sodium pentothal should not be employed in an office pro-
cedure unless an airtight resuscitative machine with positive pressure
oxygen is immediately available, as well as someone who is fully trained
in the use of this equipment.

The endotracheal technic provides an ideal type of administration,
but its use requires the employment of the more potent drugs with
their concomitant disadvantages. This technic is advocated in all pro-
longed, difficult surgical manipulations of the mouth.

It is recognized that nerve block, or ‘‘conduction’’ anesthesia of the
maxillary or mandibular branches of the trigeminal nerve solves praeti-
cally all the diffieulties mentioned, but this paper is meant to deal with
those cases in which an unconscious state is preferable or necessary.

Hypnosis was attempted as a supplement to nitrous oxide, but its
very name immediately brought up legal factors which required signed
consent, a willingness by the patient to be hypnotized and the proper
subject. Such diffieulties again interfered with an active clinic or office
practice. Diversionary tactics were then employed in the form of
musie, with considerable success.

The equipment used with the music technie included an ordinary
electrie record player with earphone transmission instead of the usual
loudspeaker. The earphones had large cups in order to exclude en-
vironmental sound, movements of the personnel, jingle and clashing of
instruments, conversation, opening and closing of the doors of cabinets,
sterilizer, and so forth. The patient is given a remote volume control
and instructed how to use it to his or her maximum enjoyment. A
microphone is interconnected with the player so that the operator is
able at any time to talk to the patient, who can then follow the necessary
instructions without interruption of the assembled apparatus.

The type of music most efficacious was found by trial and error to he
the following:

. Clair De Lune, by Debussy

. Moonlight Sonata, by Beethoven
Dream Pantomine, by Humperdinck
. Evening Star, by Wagner

. Forest Murmers, by Wagner

. Poeme, by Fibich.

@U\ph.bjl\?b—‘

It is not our intention to offer these dogmatically, but one can saftely
say that the music the patient prefers is the most suitable. The
music found to be most effective had a smooth, even tone and contained
no conflicting, harsh or startling instrumentation. In a series of more
than 1000 eases, it was found that the aforementioned records were
more frequently chosen than any other, and gave the most profound
type of unconsciousness. It was distinetly found that the modern
jazz, rapid or excitable tempo music, or muscle twitching swing musical
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gyrations were not suitable, and even tended at times to produce the
undesirable, sensitive-to-pain, uncooperative attitude.

The anesthetic machine used was the usual type found in dentist’s
offices, either the Heidbrink, Foregger, or McKesson machines equipped
with nitrous oxide and oxygen yokes, without carbon dioxide absorp-
tion, and with the gases led by way of a rubber tube to a nose mask with
an expiratory valve controlied bv a light spring. In this series the
McKesson machine was used prnctlcnlly throughout the experimental
phase.

TECHNIC

After considerable experimentation a routine was established which
hecame more successful as the experience of the operators increased.
This routine was made to begin from the time the patient entered the
waiting room. The receptionist was trained to treat all patients
warmly but their dental condition casunally.

All apparatus is kept out of sight or covered so that there is a
minimum of exciting objeets in view. The attitude of the operator
to the patient must be reassuring, cordial, firm and positive. The
vocabulary must be positive, unconflicting, and reassuring. Sueh words
as fear, afraid, pain, hurt, worry, should not be mentioned, but such
words as fine, well, improved, better, good, fortunate, may be used to
produce some cuphoria. If this conversation does not produce the
desired result, then simple mind abstraction may be employed with
the basic discussion centered on music. Once the patient has become
comfortable in the chair, the subject is then gradually directed to the
use of the music and instructions for the patient’s operation of the
volume control.

The music is started and the volume is adjusted by the patient to his
or her taste. The nasal inhaler mask previously described is carefully
and lightly placed on the nose, and the head strap is made as loose as
consistent with maintenance of the mask in position. At first the ex-
piratory valve was permitted to open only with expiration, but it was
soon discovered that the insertion of a cotton wad which kept it open
with inspiration as well did not dilute the inhaled mixtures enough to
interfere with the depth of anesthesia. The anesthesia machine was
set to deliver 75 per cent nitrous oxide and 25 per cent oxygen, but
this mixture was further diluted at the open expiratory valve by an
estimated 20 per cent. Once the patient is asleep, the mixture may be
further enriched with oxygen to as much as 35 per cent to 50 per cent.

The mouth props are inserted before the patient falls asleep. The
rubber or cork type is considered preferable. Throat packs are con-
sidered unnecessary and detrimental. Small 2 inch by 2 inch exodontia
sponges with attached string are inserted just in back of the region of
the operative field to eatch blood and debris. It is believed, however,
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that there should be no aspiration since the laryngeal and gag reflexes
are not obtunded. Further dilution of the gases by oral inhalation of
air does not seem to interfere with the level of anesthesia.

Discussion

In order to reduce the amount of nitrous oxide and its attendant
oxygen deprivation as prevalently practiced in dentistry, a method of
helping to reduce the reflex irritability was designed without the neces-
sity of using depressing, hypnotic premedicants which interfered with
dental office routine. This method employed psychologic assurance,
simple abstraction and music. The psychophysiologic explanation is
not attempted beyond the superficial presentation of suggestion, auto-
suggestion, soothing rhythm, and perhaps finally some informal mes-
merism.

Simple mind abstraction was found occasionally to be effective
without the addition of nitrous oxide in mildly painful manipulations.
A simple request of ‘‘hand me a soft drill”” would sometimes be suffi-
cient for a drilling procedure. “‘I am only examining you’’ or “‘I am
only looking at your x-rays’’ while manipulating the tooth may prove
sufficient. Statements depreecating the tension and fearful awareness
of the environment are attempted by indicating that the situation is
banal: “‘everyone is nervous which is normal,’” “*such cases as yours are
very common,’’ and so forth.

The nitrous oxide-oxygen mixtures are maintained with a minimum
of 25 per ecent oxygen, or more when possible, and diluted further with
air. Although no blood studies of inspiratory or alveolar air or oxygen
were performed, clinically no hypoxia could be discovered. The mu-
cous membranes, the conjunctivae, the nailbeds were all closely watched
for eyanosis and none found. The blood pressure and pulse were
frequently checked and little variation found. Although it was often
found that the respiratory rhythm paralleled that of the music, the
pulse was unaffected exeept as expected with the reduction of the reflex
irritability.

Various aromatic oils were introduced through the cotton in the
expiratory valve to disguise the odor of the gases and the rubber, but
they were soon discarded because no favorable contribution to the an-
esthesia could be discerned.

Nausea, retching, excitement, jactitation, soft tissue obstruction,
aspiration and swallowing have been notably absent. There was no
immediate or delayed induction or emergent delirium. Most of the
patients claimed that their dreams occupied their period of narcosis,
and that these dreams were always pleasant. Even children were
aitracted by the music and submitted doeilely to the application of the
nasal mask. Only one child of a large series refused to submit to the
anesthetic. Only two adults reported slight perception of pain.
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The early hesitancy in applying this technic in the poorer risk
patients was soon abandoned except in those cases requiring extensive
oral operations. It was found, however, that such surgical procedures
could be performed in multistage operations. The increased surgical
latitude that this technic provides in the poorer risk patient compen-
sates considerably by permitting extension of the operating time from
a minute or two to ten to fifteen minutes. The longest recorded ad-
ministration in this series was twenty-three minutes.

1t is not claimed that the idea of combining music with an anesthetic
agent is original, but no evidence could be found in the literature indi-
cating that music had been used to reinforce a general anesthetic, par-
ticularly in dentistry. Nor were we able to discover any previous de-
seription of a method employed as herein deseribed: a remote volume
control adjusted by the patient and an interconnected microphone to
transmit instruections to the patient, eliminating the necessity of re-
moving the earphones.

Burdick (34) placed a phonograph just outside the office so that
muffled music came to the patient during a local anesthetic or during
the induction phase of general anesthesia. ‘“We observed that the
anesthesia was almost invariably taken more calmly and with less
tendency to resist the earlier inhalations than formerly. Also, and
this was of no small importance, if the action of the machine was re-
sumed for a few minutes as the patients were recovering consciousness,
they were thereafter blended into a dreamy idea that they had heard
the strains of the music from start to finish, without a break in their
connection, and consequently, had escaped all operative interference,
the cure effected having been as it were extraneous to any operative
procedure.’’

Kirschner (35), McGlinn (36), (37), Rusca (38) and Kane (39)
have used music to supplement local or spinal anesthesia. Podolsky
(40) has advocated the usefulness of music in medicine in general.

Gatewood (41) presented some logic in her explanation of this an-
esthesia phenomenon: ‘‘If the attention of the individual be sufficiently
centered on one stimulus or group of stimuli it may keep out all others.
It is a neurological fact that two stimuli passing centrally at the same
time tend to neutralize each other, the stronger more persistent one
coming into consciousness. According to Meyer’s principle of indue-
tion (a similar theory is advaneed by Sherrington) the nervous process
already stimulated along one pathway, tends to draw into its channel
the processes established in adjoining neural pathways, thus increas-
ing the intensity of the original excitation. Accordingly if we suc-
ceed in getting pleasant stimulation started first, it is more apt to
dominate and later stimulation loses its own appropriate meaning in
the flow of the original neural process.”” Thus, if pleasure through
musie is elicited prior to the initiation of pain stimuli, the sensations
following, such as sleep and dulled pain, produced by the nitrous oxide-
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oxygen become interpreted as pleasurable. ‘It seems logical to make
the last waking stimuli as pleasant and as quieting as possible. Music
causes one to forget grief, frets, and worries; it takes one’s mind off
the fear and dread of what is to come.’’

CONCLUSION AND SUMMARY

A technic of music with nitrous oxide oxygen anesthesia devoid of
oxygen deprivation is introduced. It was found to render anesthesia
adequate for all types of dental office procedures. Further advantages
of this technic may be summarized as: (1) a smooth induction as ex-
emplified by the complete absence of excitement, struggling, or delirium:
(2) absence of retching or vomiting even after a recent meal; (3) rapid
and complete emergenee from the anesthetic state so that the patient
requires no assistance or support when leaving the dental chair; (4)
minimum chair occupation time, and (5) no undesirable effects in the
poor risk patient. The occasional patient in whom this regimen is not
adequate is so rare as to preclude any discussion.

REFERENCES
1. Davy, Humphry: Researches, Chemical and Phil hical, Chiefly C ing Nitrous
Oxide or Dephlogisticated Nitrous Air and its Respu’atlon, antol Biggs and Cottle,

1800.

2. Waters, Ralph M.: Nitrous Oxide Centennial, Anesthesiology 5: 551-565 (Nov.) 1944.

3. Hewitt, F. W.: Ancsthetics and Their Admmntratlon London, Oxford Press, 1922,

4. Andre\\s, E.: The Oxygen Mixture—A New Ancsthetie Combination, Chicago Medical
Exam. 9: 456 (Nov.) 1868.

5. Bert, Paul: Compt. rend. Aecad. d. Se. 2: 87, 728, 1878.

6. Miller, A, IL.: Technical Development of Gas Anesthesia, Anesthesiology 2: 39809 (July)
1941,

7. McKesson, E. I.: Nitrous-Oxide-Oxygen Anesthesia, Surg. Gynce. & Obst., 13: 456 (Oct.)
1911.

8. Kemp, G. T.: Nitrous Oxide Anesthesia, Brit. M. J. 2: 1480, 1896,

9. Leake, C. D., and Hertzman, A. B.: Blood Reaction in Ethylene and Nitrous Oxide Anes-
thesia, J. A. M. A. 82: 1162 (Apr. 12) 1924,

10. Greene, C. W., et al.: The Distribution of Nitrous Oxide and Oxygen in the Blood of Doga
during Gas Anesthesia, Arch. Int. Med. 35: 371-388 (Mar.) 1925,

11. Brown, W. E.; Lucas, G. H. W., and Henderson, V. E,: The Anesthetic Value of Nitrous
Oxide umler Pressure, J. Pharmacol. & Exper.” Therap. 31: 269-289, 1927.

12. McClure, R. A.: J. A. ML A, 115: 1687-1690 (Nov. 16) 1940.

13. Gildea, E. F., and CobD, S.: The Effects of Anemia on the Cerebral Cortex of the Cat,
Arch. Neurol. & Psychiat. 23: 876, 1930,

14. Weinberger, L. M.; Gibbon, M. H., and Gibbon, J. H.: Temporary Arrest of the Circula-

tion of the Central Nervous System, Arch. Neural, & Psychiat. 43: 615, 1940.
Thorner, M. W,, and Lewy, F. H.: Effects of Repeated Anoxia on the Brain, J. A, M, A,
115: 1595 (Nov.) 1940.

16. Armstrong, H. G., and Heim, J. W.: Effects of Repeated Daily Exposure to Anoxia, J.
Aviation Med. 9: 92, 1938.

17. Ward, R. L., and Olson, O. C.: Severe Anoxia with Reecovery, J. Aviation Med. (Dec.) 1943.

18. Courville, C. B.: Asphyxia as a Consequence of Nitrous Oxide Anesthesia, Medicine 15:
129, 1936.

19. Courville, C. B.: Untoward Effects of N,O Anesthesia, Mountain View, Cal., Pacific Press
Publ, Assn,, 1939,

20. Hartman, F. W.: Some Etiological Factors and Lesions in Cerebral Anoxia, Am. J. Clin.
Path, 8: 629, 1938,

=
&

20z ludy g1 uo 3sanb Aq ypd°G0000-000L08Y6L-Z¥S0000/S6E0EE/ L BE/Y/6/4Pd-0l01E/ABOjOISBUISBUE/LIOD JIBYDIBA|IS ZESE//:d]Y WOL papEojuMoq



July, 1948 Nirrous OxipE-OXYGEN ANESTHESIA 399

2], O'Brien, J. D., and Steegman, A. T.: Severe Degeneration of the Brain following Nitrous
Oxide Anesthesia, Ann. Surg. 107: 486, 1938.

29, Stewart, J. D.: Cerebral Asphyxia during Nitrous Oxide and Oxygen Anesthesia, New Eng-
land J. Med. 218: 754, 1938,

23, Schnedorf, J. G.; Lorban, P. H., and Orr, T. G.: Problem of Anoxia in Surgery and Anes-
thesia, Arch. Surg. 43: 169 (Aug.) 1941,

24, Barach, A. L., and Rovenstine, E. A.: The Hazard of Anoxia during Nitrous Oxide Anes-
thesia, Anesthesiology 6: 449461 (Sept.) 1945.

5. Rovenstine, E. A.: Nitrous Oxide Ancsthesin, The N. Y. Journal of Dentistry 16: 99
(Mar.) 1946,

26, New York Post: Charge Grave Danger Lurks in an Anecsthetic Dentists Use, p. 10 (Mar.
7) 1946.

27. Willinger, L.: Death in the Dental Chair, Oral Hygiene, 1366 (Aug.) 1946,

28, Personal Communieation, Puritan Gas Corporation.

29, Personal Communication, The 8. 8. White Dental Manufacturing Co.

30. Personal C: ication: Comp d Gas Manufacturers Assoe., Ine.

31. Personal Ci ieati Confidential

22, Guedel, A. E.: Inhalation Anesthesia, New York, Maemillan Co., 1937,

33. Andersen, D. H.: Avertin Poisoning with Acute Yellow Atrophy of Liver and Toxic
Nephrosis, Anesthesiology 6: 284-301 (May) 1945,

34, Burdick, W, P.: The Usc of Music during Anesthesin and Analgesin, Am. Yr. Book
Anesth. N. Y. 1: 164-167, 1916,

3i. Kirsehner, 3.: Musik und Operation, Chirurg 8: $29—431 (June 1) 1936.

26. MeGlinn, J. A.: Music in the Operating Room, Am. J. Obst. & Gynee, 20: 678-683 (Nov.)

(XY

1930.
37. McGlinn, J. A.: Tr. Am. Gynee. Soc. 55: 126-131, 1930.
22, Rusca: Rachi hesie Mit Tutoeain and Percain, Psychische Becingfl g der Patient

durch Musik Wahrend der Operation, Schweig. Med., 65: 637-638 (July 13) 1935,

20, Kane, E. O.: Correspondence Column, J. A. M. A, (June 6) 1914.

40. Podolsky, E.: Music as an Anesthetic, Etude §7: 707 (Nov.) 1939.

41. Gatewood, E, L.: The Psychology of Music in Relation to Anesthesia, Am. J. Surg. 35:
47-50 (Apr.) 1921

20z ludy g1 uo 3sanb Aq ypd°G0000-000L08Y6L-Z¥S0000/S6E0EE/ L BE/Y/6/4Pd-0l01E/ABOjOISBUISBUE/LIOD JIBYDIBA|IS ZESE//:d]Y WOL papEojuMoq



