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SUMMARY
Healthy young and elderly males were administered sedative concentrations of nitrous oxide/oxygen

(N20/02) under a protocol designed to mimic that used in a dental operatory. Samples of end-tidal
expired gas were taken at the end of 30-minutes inhalation of, and periodically for 70 minutes after
withdrawal from, nitrous oxide/oxygen. Samples were analyzed to monitor the decline of alveolar
nitrous oxide levels and any changes in alveolar carbon dioxide levels, to determine if there were
any age-related differences. The fall in alveolar N20 following cessation of administration was rapid,
and in a double-exponental manner as was expected. No age-related difference in N2O decline was
observed. Alveolar carbon dioxide (CO2) levels were lower and more variable in the elderly group.
Both groups exhibited elevated CO2 levels at the end of the N20 period, and an unexplained rise in
CO2 at approximately 30 min post N20.

Both acute and residual psychological and psy-
chomotor effects have been noted with nitrous-oxide
analgesia.1-5As part of a larger study to examine and
compare effects of N2O on psychomotor and car-
diovascular performance of young and elderly sub-
jects, it was deemed necessary to follow the decline
in exhaled N20 levels in both groups following a
period of nitrous oxide-oxygen (N20-02) inhalation
designed to mimic that given in a dental operatory.
It has been shown that there are both anatomical
and functional changes in the respiratory system that
can be attributed to aging,6 as well as age-related
differences in response to inhalation anesthetic
agents.7 However, most of the studies involving the
effects of N20 administered in analgesic doses have
dealt with young subjects. Therefore, the specific
purposes of this study were to (1) determine and
compare the levels of N20 which were required to
achieve a simulated dental N20-02 inhalation se-
dation in both young and elderly subjects; (2) monitor
and compare the decline in alveolar N20 levels dur-
ing recovery from N20-02 inhalation in the two groups;
and (3) compare respiratory function in the young
and elderly during and after N20-02 inhalation by
measurement of alveolar carbon dioxide (CO2) lev-
els. The correlation of psychomotor performance and
of cardiovascular response with sedative levels of
nitrous oxide will be discussed elsewhere.89

It is important to stress that our study was de-
signed to measure the experimental variables under
a simulated dental setting. Nitrous oxide was there-
fore administered at a concentration that was felt to
be clinically useful and appropriate for each subject.
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MATERIALS AND METHODS
Gas analysis. The instrumentation (Varian Aero-

graph Model 90 P3), calibration, and procedures used
in this laboratory for analysis of respiratory gases
have been discussed in earlier reports.1011 As we
were primarily interested only in the subjects' N20
and C02 levels, and needed a rapid sample through-
put in the gas chromatograph, only a single 8-ft x
1/8-in o.d. column packed with 80/1 00-mesh Porapak
Q was used and attached in the normal manner. An
analysis for N20 and C02 in a sample was completed
in about 3 min.
Subjects tested. The 20 subjects who took part

in this study were all volunteers and participated
after giving informed consent. They were divided into
two groups: nine healthy elderly males (age 63-69,
X = 64.5 ± 0.7 yr), and a control group of eleven
healthy young adult males (age 22-30, X = 25.4 +
0.8 yr). The elderly belong in the gerontological group
commonly called "young-old", that is, all were below
age 75. The word "healthy" in regard to this study
indicates that subjects had no diagnosed illness, and
were not presently taking any medications. The el-
derly males were selected from a pool of elderly
volunteers registered with the University of Kentucky
- Sanders-Brown Center on Aging. The control
group were primarily drawn from a dental student
population.
Administration of gases. Subjects were seated

in a dental chair and the following sequence of gases
from a standard dental analgesia machine (Quan-
tiflex-M.D.M.) was administered using an ordinary
nasal mask: (a) 100% 02 for 5.0 min. (b) A gradually
increasing level of N20 up to a clinically significant
level for each subject; the peak N20 level, which
generally took 3-5 min to attain, was determined by
each subject's subjective reporting of clinical symp-
toms to an attending oral surgeon - the same pro-
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cedure as is employed in dental practice. (c) The
peak N2O level was maintained for each subject for
30 min; total flow of N2O and 02 was kept at about
6 1 /min. (d) The N20 period was followed by 5.0 min
on 100% 02; and finally (e) the subject was allowed
to breathe air. On a previous visit, each subject had
been introduced to the inhalation procedures and to
the sedative and euphoric effects of N20. It was
emphasized that nasal breathing through the mask
was essential, but we did not attempt to control mouth
breathing by use of a full face mask.
Other tests performed. No dental procedures

were performed on the subjects during the course
of these experiments. However, the subjects were
connected to physiological testing equipment to
measure heart rate, digit blood-flow, respiratory rate,
skin temperature, and blood pressure before and
during inhalation of N2O.9 Subjects also underwent
psychomotor-skills and short-term-memory testing
during the protocol.8
Sampling of end-tidal expired gases. Two

samples of end-tidal gas were taken within one to
two minutes of the end of the 30-min N20 period
using a technique described previously;10these re-
flected the level of alveolar N20 attained in the sub-
jects. After N20 was withdrawn and the subjects were
breathing 100% 02, usually 6 gas samples were taken
fairly rapidly: at approximately 0.5, 1, 3, 4, 9, and 10
min after the end of the N20 period. After that, du-
plicate samples were generally taken about 0.5 min
apart at 10-min intervals, from 20 min through 70
min after the end of the N20 period. Exact sampling
times were recorded for each subject. Generally,
therefore, 20 gas samples were taken per subject
- two just prior to the end of the N20 period, and
18 during the N20-elimination period.

Statistical analysis techniques. To compare the
alveolar CO2 levels in the two groups as a function
of time, a two-way analysis of variance (ANOVA)
with repeated measures on the time factor was per-
formed using the SAS General Linear Models (GLM)
Procedure.12The GLM was used rather than the sim-
ple ANOVA procedure due to unequal cell frequen-
cies. Least squares lines were fit to the % N2O ex-
haled vs. time plots (double-exponential decay) in
the conventional manner to obtain, from the slopes
of the lines, the half-lives (t 's) as well as their as-
sociated uncertainties (stanaard deviations).

RESULTS
After 30 min on a sedative concentration of N20,

the alveolar N2O levels of both the elderly and the
young subjects decreased in a conventional, double-
exponential manner.13 Figure 1 illustrates a typical
decline in the level of alveolar N20 as a function of
time. There was an initial very rapid drop in the ex-
pired N2O level such that after 5 min on 100% 02
and 5 min on room air, the N2O level had usually
decreased to below 1% by volume. A slower process
then became dominant, such that the expired N2O

levels were reduced to about 0.1% after 70 min.
Careful analysis of the data indicated there was a
very sharp step decrease in alveolar N20 in the first
30 sec after changing to 100% 02 in both groups.
This was then followed by what appeared to be a
conventional double-exponential decay.13 The early
washout phenomenon can be seen in Fig. 1 in that
the sum of the intercepts at time zero (withdrawal of
N20) is less than the measured N20 level. The initial
very rapid drop results from ventilatory washout.14
Averages for the half lives for N20 elimination for

the elderly and the control (young) group are shown
in Table 1. The average half lives for the elderly and
the young are comparable within statistical limits.
There were no significant differences in the vari-
ances by the F-test (P >> 0.05). Given the equality
of variances, there are no significant differences in
t1,,,1 and tl 2 by the t-test (P > 0.2 and P > 0.7,
respectiveTy). The standard deviations in the aver-
age values for t1,, andt1,/2 for both groups are
significantly larger than the pooled standard devia-
tions for all the measurements within a set; by the
F-test, generally P < 0.01. This indicates there is a
significant person-to-person variation in the t1, 's over
and above the measurement error and the uncer-
tainty resulting from the linear least-squares fitting
of the data.
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Fig. I - A typical N20-elimination curve. Time 0 is the point at
which the subject (elderly, in this case) was switched
over from breathing (40%) N20 to 100% 02. The two
lines are (logarithmic) linear least squares lines fit to the
data.
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Carbon Dioxide Levels. The data in Table 1 in-
dicate that there is a significant breath-to-breath var-
iation in the CO2 levels over and above the normal
measurement error for both groups during the re-
covery period. The pooled standard deviation for the
CO2 measurements (the "within individual" varia-
tion) is about + 9% relative for the elderly and about
± 7% relative in the control group. From analysis of
a number of other experiments, the normal chro-
matographic measurement error to be expected in
this case is about 4% relative. Therefore, there is a
significant breath-to-breath variation in the C02 level
within an individual, which may be due to sampling
error.

In contrast to the similarity of results for the rates
of elimination of N20, the elderly group exhibited a
significantly higher variance in the average of their
expired C02 levels than did the control group; by the
F-test, P < 0.01. This indicates that the average C02
output of the elderly group during the recovery period
varied substantially more than that of the control
group. In addition, the pooled standard deviation (sP)
for all the measurements within the elderly group is
also significantly higher than for the control group
(P < 0.05), indicating a greater breath-to-breath var-
iation for the individuals within the elderly group. By
the F-test, there was no significant difference in the
control group in the standard deviation between in-
dividuals vs. the sp for all measurements within that
group (P >> 0.05); whereas there is a significant
difference for the elderly (P < 0.05) - the variation
between individuals being larger.

Figure 2 illustrates the average C02 levels for the
elderly and for the young as a function of time during
the recovery period. The standard deviations for the
data points are fairly large, ranging from ± 0.24 to
± 0.51% C02 for the young, and ± 0.46 to ± 0.80%

CO2 for the elderly. The data in Figure 2 suggest
that, on average, the elderly exhale a lower level of
C02, and that there were certain times during the
protocol when the C02 levels expired were different
from other times. A two-way ANOVA performed on
the data confirmed that the elderly do have a lower
average C02 output, and that there was a significant
(P < 0.001) time effect. Duncan's Multiple Range
test indicated that the C02 levels at t = 0 min, i.e.,
at the end of the N20 period, and t = 30 min, were
significantly higher than those at all the other times
(and all these were statistically the same). Because
all the C02 levels within the control group were sta-
tistically equal, the high C02 levels at t = 0 and t
= 30 min for the total 20 subjects were due primarily
to the elderly.
The ANOVA also indicated there was no signifi-

cant (P > 0.3) group (elderly vs young)-time inter-
action. That is, whatever the dependence of C02
level on time may be, it is the same for the elderly
and for the young.

Levels of N20 Inhaled and Expired. In general,
there were no significant differences (P > 0.05) in
the average levels of N20 at which the two groups,
elderly and control, were maintained for the 30-min
period. Nor was there any significant difference in
the percent N20 (by volume) exhaled by the two
groups at the very end of the N20 period. The stan-
dard deviation in the respective values for elderly
and control groups are comparable by F-tests (P >
0.05). Along with these results, Table 2 displays the
fraction of N20 the subjects were exhaling relative
to the "expected" exhaled level. The average values
for the elderly and control groups were not signifi-
cantly different (P > 0.1).

It should be noted that the subjects were not fully
saturated with N20 by the end of the 30-min inha-

TABLE 1
HALF-LIVES FOR THE ELIMINATION OF N20 AND

AVERAGE C02 LEVELS IN END-TIDAL EXPIRED GAS

Half-Life
Group Measurement tl/21, min t1,22, min % C02

Elderly Avg. Value,X 1.853 20.08 4.300
(n=9) Std. dev., s -+0.369 + 3.01 -+0.639

Range, R 1.34-2.35 17.0-26.7 3.64-5.30
Pooled std. dev. of +0.198 ±+1.78 +0.405

all measurements, sp
vforsp* 61 94 169

Control Avg. value, X 1.684 19.58 4.815
(n=11) Std. dev., s +0.260 +3.98 +0.283

Range, R 1.13-2.09 14.1-27.3 4.40-5.31
Pooled std. dev. of +0.184 ±+1.60 ±0.344

all measurements, sp
v for sp 61 107 182

* degrees of freedom
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lation period. The half-life for the slower elimination
process illustrated in Figure 1 is about 20 min (Table
1). Assuming the buildup of N20 in various body
compartments mirrors the elimination process, the
fraction of the "expected" level of N20 the subjects
should actually be expiring at the end of 30 min
inhalation ought to therefore be a bit lower than ex-
pected for a subject at steady state.
On inspection of the individual values for the frac-

tion exhaled, two subpopulations of subjects, each
of which contain both elderly and young, were iden-
tified: one subpopulation (Group B) was exhaling
about 30-50% of that expected, the other (Group A)
was exhaling about 70-85% of the expected level.
This is more clearly illustrated in Figure 3 in which
the % N20 exhaled by each subject is plotted as a

function of the % N20 being inhaled. There are two
classes of data points in this plot, an upper set (A)
of 12 points (4 elderly and 8 control subjects) that
appear to be fairly linearly distributed, and a lower
set (5 elderly and 3 controls) that are less linearly
distributed. The two straight lines on the plot are
linear-least-squares lines fit to the two sets of data
points. Both lines go through zero, within experi-
mental error; correlation coefficients are quite good
- r = 0.95 for the upper line and 0.78 for the lower.
Linear-least-squares fits to the 9 points for the el-
derly alone, to the 11 points for the control alone, or
to the combined 20 points indicate very poor cor-
relation (r = 0.4 - 0.5). Moreover, these latter forced
linear fits have a large positive intercept for % N20
exhaled, which is not logical. To a first approxima-

TABLE 2
AVERAGE N2O LEVELS INHALED AND IN END-TIDAL EXPIRED GAS

AFTER 30-MINUTES INHALATION OF N2O/02

Fraction of
% N2O % N20 "'expected" level

Group Measurement Inhaled t Exhaled* of N20 exhaled§
Elderly Average Value, X 39.2 19.6 0.54
(n = 9) Std. deviation, s +-9.6 +6.8 ± 0.17

Range, R 24.5-49.2 7.9-30.8 0.31-0.74
Control Average Value, X 33.3 20.4 0.66
(n =11) Std. deviation, s ±+5.9 ±4.6 ±0.13

Range, R 25.6-45.2 13.4-26.3 0.45-0.83
t The level of (dry) N20 in °2 actually inhaled by each subject was measured by the same procedures used to determine

the % N20 exhaled because of the notorious inaccuracy of the dial readings on dental analgesia machines. For each
subject, the level inhaled was the average of 3-4 measurements.

t For each subject, this was generally the average of two separate measurements on samples taken near the end of
the N20 period.

§ The level of N20 expected to be exhaled by each subject was calculated by assuming N20 was an inert gas, and
simply correcting the (dry) level of N20 inhaled for the dilution effect of water vapor on the level of N20 in exhaled gas.
This was then divided into the % N20 actually exhaled near the end of the N20 period to get the fraction of the level
expected.

TABLE 3
AVERAGE N20 LEVELS INHALED AND IN END-TIDAL EXPIRED GAS

AFTER 30-MINUTES INHALATION OF N20/02

Fraction of
% N20 % N20 "expected" level

Group Measurement Inhaled Exhaled of N20 exhaled
A Average Value, X 33.4 22.6 0.72

(n = 12: 4 elderly, Std. deviation, s ± 6.4 ± 4.7 ± 0.05
8 young) Range, R 24.5-44.5 15.9-30.8 0.67-0.83

B Average Value, X 39.7 16.2 0.43
(n=8: 5 elderly, Std. deviation, s ±9.3 ±4.7 ±0.08

3 young) Range, R 24.5-49.2 7.9-22.3 0.31-0.50
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Fig. 2- Variation in average CO2 levels in end-tidal respired gas
as a function of time after breathing a clinically signifi-
cant level of N2O for 30 min. Circles: Averages for a
group of 9 elderly subjects. Triangles: Averages for a
group of 11 young subjects (only 8 and 7 values for
times 20 and 30 min, respectively). The typical standard
deviation of the mean for any one point in time is + 0.21
for the elderly and + 0.12 for the young.

tion, if all subjects breathed N20 for the same period
of time, the level exhaled would be expected to be
some constant fraction of that inhaled - that is, a
straight line with zero intercept for a plot such as
that in Fig. 3.

Table 3 summarizes the results for these two sub-
populations. On average, the young and elderly sub-
jects making up Group A were inhaling about 33%
N20, those in Group B about 40% N20; the latter
value is higher, but not significantly so (P = 0.09).
On the other hand, at the end of the N20 period the
subjects in Group A were exhaling a significantly (P
< 0.01) higher level of N20- about 23% vs. about
16%.

DISCUSSION
Carbon Dioxide Levels. On average, the elderly

have a lower C02 output than the control group dur-
ing the recovery period after N20/02 inhalation (Fig.
2). Relative to their average C02 output, the elderly
have an elevated C02 level immediately at the end
of the 30-min N20 inhalation period. Others have
attributed the general increase in alveolar C02 level
during N20 inhalation to a second gas effect15 or to
an increase in physiologic dead space.16 However,
the exact mechanism remains controversial. There
does not seem to be, however, any clear explanation
for the surprising increase in C02 levels at 30 min
after the end of the N20 period. At this point, the
subjects are typically exhaling only about 0.2% N20.
After 5 min of breathing 100% 02 and 5 min of
breathing air, subjects are generally exhaling less
than about 1% N20. Therefore, it is questionable to
ascribe any significant changes in C02 output after
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Fig. 3- Percent nitrous oxide (by volume) in end-tidal gas as a
function of the percent nitrous oxide inhaled for a 30-
min period, sampled immediately at the end of that pe-
riod. Circles: 9 elderly subjects; Triangles: 11 young
subjects. The straight lines are linear-least-squares fits
to the two sets of data points. For the upper line, the
correlation coefficient, r = 0.95; for the lower line, r =
0.78.

10 min to the effect of the remaining low level of
N2O. The general trend of the data for the control
group does seem to follow that of the elderly - an
initial decrease in C02 level followed by a (broader)
maximum at about 30 min; but none of the differ-
ences for the control group is significant.

Although we did not monitor other respiratory pa-
rameters that would allow a thorough analysis of
respiratory control, our findings suggest that there
may be some disturbance in the control of alveolar
C02 level following N20 inhalation. We are unable
to explain the increase seen 30 min into the recovery
period. The increased C02 variability and high C02
levels at 0 and 30 min in the elderly may indicate
some loss of stability in respiratory control with age.
We had earlier reported" that C02 levels for a

group of young subjects did not change significantly
(over an air-breathing control period) on inhaling
100% 02 and during the first 10 min of breathing
40% N20. This study extends those findings for a
longer N20-inhalation period, and into the recovery
period.

Expired N20 Levels. There was no difference in
the decline in N20 levels between the young and the
elderly groups following the 30-minute N20 inhala-
tion. The initial (30-sec) rapid decline has been at-
tributed to ventilatory washout, the second phase to
removal of N20 from highly vascular tissue, and the
third phase to removal from relatively avascular
sites.14
Because the subjects were breathing the N20/02

mixture for 30 min and the two compartments of the
elimination curve for N20 have half-lives of about 2
and 20 min (see Fig. 1 and Table 1), it would be
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expected that the subjects ought to be exhaling
something close to the expected level. Clearly, this
is not the case: The subjects were exhaling only
about 30 to 80% of the N20 expected. There are at
least two possible explanations for this finding. One
is that there was a greater saturation of the fatty
tissues (with N20) in Group B (Fig. 3) than in Group
A, such that Group B would be exhaling a lower
fraction of the gas inhaled. However, Eger17 has cal-
culated that saturation of the fatty tissues with an
alveolar concentration of N20 would require inha-
lation of the gas for 2 to 21/2 hours. Therefore, with
the 30 min inhalation for all subjects in this study we
are safe in assuming that in neither Group A nor
Group B was there equilibrium of N20 with the fatty
tissues. A far simpler explanation for the observa-
tions plotted in Fig. 3 is that Group B was charac-
terized by mouth breathers, whereas the subjects in
Group A, following the instructions they were given,
breathed through the nasal mask. This could ac-
count for the closer match of exhaled to inhaled lev-
els of N2O in Group A. It would appear to be of clinical
interest that our subjects, both young and old, fell
into these two groups. The implications for the
administration of N20-02 by nasal mask in the dental
office are that any given patient may be receiving
far less N20 than the dentist realizes.

CONCLUSIONS
Within experimental error, both young and elderly

healthy male subjects, on the average, report clini-
cally significant symptoms at the same level of ad-
ministered N20; and after 30 minutes inhalation of
N2O, both groups were exhaling equivalent levels of
N2O. Both groups eliminated N2O from their systems
at similar rates. There was a significant person-to-
person variation in these rates over and above the
experimental measurement error. The elderly exhib-
ited a greater breath-to-breath variation in the C02
levels in end-tidal gas during the recovery period
from N2O inhalation, as well as a significantly greater
variance in their average C02 output. The elderly
group also exhibited a significantly higher C02 level
at the end of the 30-min N20 period and at 30 min
after withdrawal from N20 than at other times. Al-
though the changes in C02 levels of the young group
seemed to mirror those in the older group during the
recovery period, none of the differences was statis-
tically significant in the young group.
These findings suggest that healthy young and

healthy elderly patients should recover from N20
sedation at similar rates. Our findings also cor-
roborate those of others, who have suggested that
dental analgesia machine readings are a poor in-
dication of alveolar levels of N20, possibly because
of the tendency of many subjects to mouth-breathe
despite instructions.

This investigation was supported in part by the Sanders-Brown
Kentucky Center on Aging, and the University of Kentucky Re-
search Foundation. (Special thanks are due Dr. David R. Wek-
stein of the Center on Aging for his assistance, and to Dr. James
Bader, College of Dentistry, for assistance with the statistical
calculations.)

REFERENCES
1. COOK, TL; SMITH, M; STARKWEATHER, JA; WINTER, PM;

and EGER, El: Behavioural Effects of Trace and Sub-
anesthetic Halothane and Nitrous Oxide in Man, Anesthesiol
49:419-424, 1979.

2. McKERCHER, TC; NELSON, WJ; and MELGAARD, SA: Re-
covery and Enhancement of Reflex Reaction Time After Ni-
trous Oxide Analgesia, J Amer Dent Assoc 101: 785-788,
1980.

3. WERNBERG, M; NIELSEN, SF; and HOMMELGAARD, P:
A Comparison Between Reaction Time Measurement and
Critical Flicker Fusion Frequency Under Rising Nitrous Oxide
Inhalation in Healthy Subjects, Acta Anesthesiol Scand 24:
86-89, 1980.

4. KORTILLA, K; GHONEIM, MM; JACOBS, L; MEWALDT, SP;
and PETERSEN, RC: Time Course of Mental and Psychom-
otor Effects of 30 Percent Nitrous Oxide During Inhalation
Recovery, Anesthesiol 54: 220-226, 1981.

5. TRIEGER, N; LOSKOTA, WJ; JACOBS, AW; and NEWMAN,
MG: Nitrous Oxide - A Study of Physiological and Psy-
chomotor Effects. J Amer Dent Assoc 82: 142-150, 1971.

6. KLOCKE, RA: Influence of Aging on the Lung. In: Handbook
of the Biology of Aging, Finch, CE; and Hayflick, L, Eds.,
Cincinnati, OH: Van Nostrand Reinhold Co., 1977, pp. 432-
444.

7. DUNDEE, JW: Response to Anesthetic Drugs in the Elderly.
In: Drugs in the Elderly, Crooks, J; and Stevenson, IH, Eds.,
Baltimore: University Park Press, 1979, pp. 179-187.

8. NORTON, JC; ROTH, GI; MATHENY, JL; FALACE, DA; and
O'REILLY, JE: The Effects of Nitrous Oxide and of Age on
Psychological Performance, Anesth Progr, in press.

9. ROTH, GI; MATHENY, JL; FALACE, DA; O'REILLY, JE; and
NORTON, JC: Effect of Age on the Cardiovascular Response
to Sedative Concentrations of Nitrous Oxide, Anesth Progr,
in press.

10. O'REILLY, JE; ROTH, GI; MATHENY, JL; and DEAN, JE:
Simultaneous Analysis of Respiratory Gases and Nitrous Ox-
ide in Dental Patients, J Dent Res 59: 675-682, 1980.

11. ROTH, GI; MATHENY, JL; GONTY, AA; and O'REILLY, JE:
Monitoring Microvascular Reactivity: (II)- Short-Term Effect
of Nitrous Oxide on the Peripheral Microcirculation in Hu-
mans, Anesth Progr 27(4): 125-130, 1980.

12. SAS for Linear Models Manual, SAS Institute, 1981, p. 123.
13. ALLEN, GD: Dental Anesthesia and Analgesia, 2nd ed., Bal-

timore, MD: Williams & Wilkins, 1979, pp. 169-176.
14. EGER, El: Anesthetic Uptake and Action, Baltimore, MD:

Williams and Wilkins, 1974, pp. 230-231.
15. KITAHATA, AM; TAUB, A; and CONTE, AJ: The Effect of

Nitrous Oxide on the Alveolar Carbon Dioxide Tension: A
Second Gas Effect, Anesthesiol 35: 607-611, 1971.

16. LUNN, JK; LIU, WS; STANLEY, TH; GENTRY, S; and ENG-
LISH, JB: Peripheral and Cardiac Effects of Nitrous Oxide in
the Bovine, Can Anaesth Soc J 24: 571-585, 1977.

17. EGER, El: Anesthetic Uptake and Action. Baltimore, WiIIiams
and Wilkins, 1974, pp. 86-88.

192 ANESTHESIA PROGRESS


