Effect of Nitrous Oxide and of Narcotic Premedication
on the Alveolar Concentration of Halothane

Required for Anesthesia

Lawrence J. Saidman, M.D., and Edmond I. Eger, I, M.D,

Sixty-eight surgical patients were divided into
three groups and anesthetized with either halo-
thane and ogygen, halothanc-oxygen following nar-
cotic premedication, or halot} ygen and 70
per cent nitrous oxide. The minimum alveolar

tration of halothane required to prevent
movement in response to surgical incision was
0.74 per cent. Addition of narcotic premedication
decreased this value to 0.69 per cent and addition
of nitrous oxide (without narcotic premedication)
allowed a reduction in the alveolar halothane con-
centration to 0.29 per cent. Advantages of ad-
ministering nitrous oxide with halothane are:
(1) decreased cost of anesthesia, (2) increased
speed of recovery, and (3) possible decreased
hepatotoxicity. We believe that these advantages
outweigh the disadvantage of decreased percent-
age of oxygen administered. The narcotic pre-
medication resulted in only a slight decrease in
required alveolar halothane concentration. We
believe this decrease is insignificant relative to
the possible cardiovascular depression that may
accompany narcotic premedication.

THE osjecTivEs of this study were to deter-
mine if nitrous oxide or narcotic premedication
‘is effective in reducing the alveolar concen-
tration of halothane required for sugical
anesthesia.

Method

Sixty-eight surgical patients age 17 to 78
were divided into three groups (A, B, C).
Patients were assigned to each group from a
Roman square. All patients were premedicated
with 04 to 1.2 mg. atropine. In group A
anesthesia was induced with halothane and
oxygen. Patients in group B were premedi-
cated with 8 to 15 mg. morphine subcutane-
ously as well as atropine (average of 87
minutes prior to incision). Anesthesia was
induced with halothane and oxygen as in
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group A. Group C patients were induced
with N,O, O, and halothane. The inspired
N;O was maintained at 70 to 75 per cent
inspired as monitored with a Beckman D
Oxygen Analyzer. In all groups, after induc-
tion the larynx was sprayed with 1 to 2 ml,
of 5 per cent cocaine and the trachea was
intubated with a cuffed endotracheal tube.
Nasopharyngeal temperature was recorded in
all patients. In several patients, continuous
esophageal temperature was recorded: and was
found to agree with the nasopharyngeal tem-
peratures within 0.2 degrees. End-tidal halo-
thane samples were collected with an Ots-
Fenn-Rabn end-tidal sampler, and monitored
continuously by means of an ultraviolet halo-
thane analyzer (Analytic Systems Co.), The
analyzer was calibrated before every case
against known concentrations of halothane.!
We assumed that the alveolar gas was at equi-
librium with arterial blood and with brain and
that the tension in brain was proportional to
anesthetic depth.2 Maintaining alveolar con-
centration (rather than inspired concentration)
constant was an indirect way of establishing a
steady state in the brain. The end-tidal halo-
thane concentration was controlled by in-
creasing or decreasing the inspired halothane
concentration.  An end-tidal concentration
which appeared to produce a light surgical
plane of anesthesia was chosen and held con-
stant for 10 to 15 minutes prior to the surgical
incision, The minimum alveolar concentration
of halothane necessary to prevent a muscular
response to the surgical skin incision was de-
fined as MAC 1. If the patient moved in
response to the incision, the concentration was
said to be below MAC 1. If he did not move,
the concentration was said to be above MAC 1.

A further study was done on four surgical
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patient: who were premedicated with 0.4 to
12 mg atropine, anesthetized with halothane
and o:-vgen, and whose tracheas were in-
tubater. as in the previous patients. As before,
the el-tidal halothane concentration was
stabiliz d for 15 minutes following which an
electric-il stimulus of 30 to 45 volts a.c. with a
1.2 miliiseconds pulse at 50 cycles per second
for 2 maximum of one minute was applied
through: two 20-gauge hypodermic needles in-
serted into the skin of the forerm. The pa-
tient was observed for movement. The end-
tidal halothane concentration was thereafter
adjusted and stabilized at a new level for 15
minutes. The electrical stimulus was reapplied
and the patient again observed for movement.
This process was continued until that concen-
tration was found which just eliminated move-
ment.  Following this, nitrous oxide was added
and the response to stimulation at various end-
tidal halothane concentrations determined as
before. In two of these patients after MAC 1
had been found with nitrous oxide and halo-
thane, the nitrous oxide was discontinued and
MAC 1 determined again for halothane and
oxygen.
Results
Figure 1 shows the results of groups A, B,

and C. The alveolar concentration at which
the surgical incision was made is plotted on
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the horizontal axis. A positive response is
noted by an upward deflection and a negative
response by a downward deflection. In group
A there were no patients who moved at an
alveolar concentration greater than 0.78 and
only one who failed to move at 2 concentration
of less than 0.73. In group B there were no
patients who moved at an alveolar concentra-
tion of greater than 0.71 and none who failed
to move at a concentration of less than 0.65.
The patients in group A who had alveolar
concentrations in the range where the positive
and negative responses overlapped were com-
pared with the same group of patients in
group B. The mean value of the group B
patients was 0.68 as compared with the mean
for group A of 0.75. This dilference was
statistically significant (P less than 0.03). In
group C there were no patients moving at
an alveolar concentration over 0.33 and there
were none who failed to move at a level less
than 0.25. The data from each group were
then plotted in the following manner. Patients
were taken in groups of four starting with the
lowest alveolar concentration. The percentage
of patients moving within each group was
plotted on the vertical axis against the average
alveolar concentration of the four which is
plotted on the horizontal axis. This is shown
in figure 2. The point at which 50 per cent
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Fic. 1. The results of
Groups A, B, and C are
shown here. The alveolar
concentration is plotted
along the horizontal axis,
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Fic. 2. The patients
were taken in groups of
four from figure 1, start-
ing from the lowest al-
veolar concentration. The
percentage  of patients
moving within each group
of four is plotted on the
vertical axis against the
average alveolar concen-
tration of the four which
is plotted on the horizon-
tal axis.
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of the patients moved in group A was 0.74,
in group B 0.69, and in group C 0.29, This
represents a 7 per cent reduction in alveolar
halothane concentration after morphine pre-
medication and a 61 per cent reduction in
alveolar halothane concentration when 70 per
cent nitrous oxide is used.

Table 1 shows the results of group D.
These four patients were found to respond to
electrical simulus when the alveolar halothane
concentration was 0.59 and not to respond at
0.76. The addition of 70 to 75 per cent
nitrous oxide allowed a reduction of alveolar
halothane concentration to 0.08 before a re-
sponse was elicited. This response was abol-
ished at a concentration of 0.20. In the two
patients in whom MAC 1 was redetermined
with halothane and oxygen after discontinuing
the nitrous oxide, we found that they failed
to respond only when the halothane concen-
tration was 0.76 and they responded to the
electrical stimulus when the concentration was
0.58. These values were similar to the values
abtained for these two patients when MAC 1
was first determined before nitrous oxide was
added to the anesthetic.

In all of the groups, there were no dif-
ferences noted with respect to age (over or
under 40), sex, or temperature, (The tem-
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perature range was 33.7 to 38.3 with a mean
of 36.7 and S.D. of 0.76.)

Discussion

Our results indicate that nitrous oxide is
very effective in lowering the alveolar concen-
tration required for anesthesia, The amount
of decrease was approximately 60 per cent
or an absolute decrease in alveolar halothane
concentration of 0.45 per cent. Our findings
are in part at variance with previous reports
that attempted to quantitate this effect with
other anesthetics. Morris 3 reported a series
of patients receiving chloroform anesthesia in
which N,O was added in some patients and
not in others. He concluded that N,O was
of little benefit in lowering the amount of
chloroform needed. This was based on the
fact that the venous blood levels of chloroform
were only slightly lower when N,O was used
than when it was absent. However, peripheral
venous blood is not an indication of the
concentration of chloroform in the brain. In
addition, his methods of estimation of depth
(clinical stages and planes) is, in itself, crude
as indicated by the wide range of anesthetic
concentrations that can be present at the same
depth. There is also no mention made as
to whether or not the patients were given
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Dbarbiti; -ates or narcotic and no indication of
how lcig they had been in a stable state.

Faulconer® in 1952 determined  arterial
blood <oncentration of ether required to obtain
compa:able EEG levels with and without N,O.
He found that a higher concentration of ether
was nceded to achieve a given EEG level if
N,O vus absent than if it was present in
excess of 10 mg. per cent in arterial blood.
The addition of N,O resulted in an EEG pat-
temn that was one stage deeper than if nitrous
oside were absent. This represented a de-
erease in arterial ether concentration of about
15 per cent at EEG level three or four. In
aur study, the magnitude of change was much
greater: the concentration of halothane was
decreased by more than 60 per cent.

Potency of an anesthetic may be related to
its oil/gas solubility coefficient.>¢ The more
lipid soluble a given agent, the lower the
arterial or alveolar concentration required to
produce anesthesia.  The alveolar concentra-
trtion at MAC 1 multiplied by the oil/gas
solubility cocfficient of a particular anesthetic
should then be approximately the same for
most anesthetics.”  Experimentally, the oil/gas
solubility cocfficient of halothane of 224, times
the MAC 1 or 0.73 with halothane-oxygen,
equals 164, The oil/gas coefficient of N,O
cquals 1.4, An inspired concentration of 70
to 75 per cent would produce an alveolar
concentration of nitrous oxide of about 63 per
cent.  Multiplying this per cent by the oil/gas
coefficeint gives a figure of 91 which is 55 per
cent (91/164) of the figure obtained for halo-
tane.  One might expect then a comparable
reduction in the required halothane concentra-
tion on addition of nitrous oxide, and this
agrees with what was found.

Reduction of alveolar halothane concentra-
tion may be important if halothane is metabo-
lized by the body. The possibility that halo-
thane is metabolized is suggested by the work
of Van Dyke® who showed that chloroform is
metabolized in vivo, and by the work of
Heppel and Porterfield® who demonstrated
the in vitro metabolism of other halogenated
compounds. If a toxic degradation product
is formed and is found to be toxic to man,
then by the law of mass action, decreasing the
concentration of halothane administered should
decrease the rate of production of this product.
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TanLs I Response to Blectrieal Stimulation

Positive Negative
Halothane/oxygen 0.59£0.05 | 0.76:£0.08
Halothane/nitrous
oxygen/oxygen 0.08+£0.03 1 0.2040.15
Halothane/oxygen (two
patients) after elimina-
tion of nitrous oxide. 0.58 0.76

The results of Group D are shown here.  These
patients were given halothane and oxygen, stimu-
lated eleetrically, and the alveolar concentration at
which they moved and failed to move were deter-
mined. Then nitrous oxide was added and the
process repeated.  Following this, in two patients
the nitrous oxide was climinated and the patients
stimulated again under halethane and oxygen.

Further advantages of the addition of nitrous
oxide to halothane are: (1) The increased
rapidity with which recovery takes place. Be-
cause of the lower blood/gas and tissue/blood
partition coeflicients, the alveolar tension of
nitrous oxide falls faster than for halothane
and recovery occurs at a more rapid rate.
(2) The decreased cost of anesthesia that
results from the decreased amount of halo-
thane required. We believe the advantages
that are offered by the addition of nitrous
oxide to halothane outweigh the disadvantage
of the decreased oxygen tension presented to
the patient,

The finding that narcotic premedication
lowers the MAC for halothane agrees with
other reports.  Taylor and co-workers ™ gave
10 mg. morphine sulfate intravenously ten
minutes prior to anesthesia with ether and
found a 15 per cent decrease in the arterial
cther concentration required to produce EEG
level four. The difference between 15 per
cent and the 9 per cent reduction that we
found could be explained by the fact that
morphine given intravenously ten minutes prior
to ancsthesia would certainly be expected to
produce greater change in anesthetic require-
ments than the same dose given intramuscu-
larly an hour and a half before the surgical
incision because of the higher peak found with
intravenous administration. -

Seevers et alt found that premedication
with morphine-scopolamine in dogs reduced
the concentration of CyH; needed for a given
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