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ABSTRACT 

Because of discrepancy in reports concerning the rate of uptake of nitrous oxide by man, it 
seemed desirable to measure this factor when automatic control of concentrations and rapid 
computer measurement of breath to breath uptake became available. Six subjects inhaled 25 
per cent nitrous oxide for two hours. Total uptake and alveolar uptake were determined. The 
total inhaled uptake, adjusted for a 70 kg subject inhaling 75 per cent nitrous oxide, 
corresponded well with an absorption of about 1000 ml the first minute. After a wash-in 
period of less than four minutes, the alveolar uptake, which at that time and subsequently 
equaled the total uptake, decreased approximately according to the square root of time in 
minutes. Considerable variation appeared between individuals, but each course 
approximated the same type of decrease. Absorption continued to occur during the two hour 
period of observation. 
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INTRODUCTION 

THE RATE OF uptake of nitrous oxide by man was 
measured in 1954 by Severinghaus, 1 who found 
that it could be described by a factor closely 
correlated with the square root of time (time -'~) 
in minutes. That is, i fX ml of nitrous oxide were 
taken up during the first minute of inhalation, 
then one-fifth of X ml would be absorbed during 
the 25th minute, and one-tenth of X ml would be 
absorbed during the 100th minute, i.e, VNzO(t) 
= VN2O(to)/Vt-. Since that time, this con- 
eept has been applied satisfactorily to clinical 
practice. 2'3 Some workers who have measured 
the uptake of nitrous oxide in closed anaesthetic 
systems have reported significant deviations 
from this notion, especially after a "steady state" 
had been obtained. For example, Barton and 
Nunn 4 found an absorption of 110-120 ml/min 
consistently after one hour of anaesthesia. 
Forbes s found a steady uptake of nitrous oxide 
after 20 minutes of inhalation and calculated that 
less than 100 ml/min would be absorbed if the 
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subject inhaled between 50 and 75 per cent 
nitrous oxide. Lin, Mostert and Benson 6 
believed that the original rapid uptake reflects 
chiefly "Functional Residual Capacity wash-in 
and not uptake by the blood-clearly demonstrat- 
ing the near constant uptake of inhalation 
anaesthetics across the alveolar membrane." 

A mass spectrometer has been developed 7 
which is capable of measuring volume as well as 
concentrations, so permitting instantaneous de- 
termination of breath-to-breath gas exchange. 
The growing general interest s'a" in closed cir- 
cuits for administering anaesthetics accentuates 
the desirability of making a critical examination 
of the rate of uptake of nitrous oxide. 

METHOD 

After obtaining approval of the Human Re- 
search Committee and informed consent from 
the subjects, six volunteers inhaled 25 per cent 
nitrous oxide and 75 per cent oxygen for two 
hours. Gases were delivered from a conventional 
anaesthetic machine which had been properly 
calibrated. Inhalation and exhalation were 
through a mouthpiece which was directly at- 
tached to a mass spectrometer. A non-breathing 
system was used. The mass spectrometer was 
calibrated for volume and concentration of all 
gases used. A nosepiece prevented leaks, the 
absence of which was confirmed by the lack of 
nitrogen shown by the mass spectrometer. 
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Values determined by the mass spectrometer 
were recorded and correlated by a computer. 
They included volume of inhaled nitrous oxide 
and oxygen; volume of exhaled nitrous oxide, 
oxygen, and nitrogen; end-tidal concentrations 
of nitrous oxide, oxygen, and nitrogen; duration 
of each breath. 

Quantities of nitrous oxide exchanged were 
determined by assessing alveolar uptake using a 
method described in another report. 9 The 
method for measuring the quantity of nitrous 
oxide absorbed into the blood (alveolar uptake) 
involved computing the uptake at the mouth and 
subtracting the estimate of the nitrous oxide 
taken into the pulmonary stores. The total 
nitrogen exhaled after breathing nitrogen-free 
mixtures (estimate of Functional Reserve Capa- 
city) was used with the measurement of the 
end-tidal nitrous oxide to compute the nitrous 
oxide volume in the pulmonary stores on a 
breath-to-breath basis. 

RESULTS 

The absorption of nitrous oxide at  the mouth 
of our subjects agreed well with the uptake as 
postulated by Lin et al ]~ and as measured by 
Severinghaus I during the early phases of anaes- 
thesia. It is necessary that the lung volumes be 
filled with the inhaled substance before the 
alveolar uptake can be equivalent to that at the 
mouth. Consequently, figure 1 shows a greater 
total early uptake of nitrous oxide than alveolar 
uptake. However, these two values became 
identical within four minutes of inhalation of 
nitrous oxide. The dotted line of figure 1 
demonstrates what the uptake of nitrous oxide 
would be if the four minute figure was used as a 
basis for calculating the progressive decrease 
according to time -'a. The dot and dash line 
represents the total uptake. The solid line shows 
average values found for the alveolar uptake of 
the six subjects, corrected to 70 kg weight each. 

Figure 2 illustrates on a log log graph individ- 
ual actual absorption values of nitrous oxide 
compared to the amount (dotted line) which 
would be taken up calculating the average at four 
minutes and then decreasing with time -'a. 

The majority of the individual values were 
somewhat less than the line calculated using 
time-": indicates; this is in accord with the data 
represented by figure 1, which shows an aver- 
age slightly lower than the calculated line. Note 
that the individual lines below the average 
generally remained consistently below, and the 
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FIOURE l Uptake of nitrous oxide, average of six 
subjects. Numbers on Y axis represent ml of nitrous 
oxide. Dotted line is uptake of nitrous oxide calculated 
on basis of time -~a, starting at the 4th minute when 
alveolar and total uptakes are equal, average of six 
subjects. Dashed and dotted line represents total 
uptake, average of six subjects. Solid line denotes 
alveolar uptake, six subjects. Alveolar and total 
uptakes are equivalent after four minutes. 
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FmuP.~ 2. Absorption of nitrous oxide by individu- 
als. Numbers on Y axis denote ml of nitrous oxide. 
Dotted line gives average uptake calculated as starting 
at the 4th minute and continuing on the basis of 
time -'~. Triangles show uptake by a slender subject. 
Note rapid decrease as saturation approaches. X 
denotes uptake by an obese subject. Note that uptake 
did not diminish after 2000 seconds (33 minutes) for 
the duration of the measurement. 
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TABLE I 

AVERAGE UPTAKE PER 70 KG PER MINUTE OF SIX 
SUBJECTS INHALING 25 PER CENT NITROUS OXIDE 

Average 
Mean Deviation Percent 

Minutes of Uptake from mean Deviation 
Exposure rnl ml from mean 

1 174 52 30 
4 153 38 25 
9 89 19 21 

16 63 18 29 
25 52 12 23 
36 46 18 39 
49 38 9 24 
64 37 10 27 
81 30 5 17 

100 22 8 37 
AVG27 

greater intakes were generally higher throughout 
the measurements. Table I shows the average 
variation from the mean value of nitrous oxide 
absorbed by the six individuals, presented at 
intervals which are squares of whole minutes. 
Muscular lean subjects absorbed less than aver- 
age quantities of nitrous oxide, for saturation of 
their tissues was approached more rapidly, while 
an obese individual continued to absorb fairly 
large quantities because of relatively slower 
saturation. 

Although it was diminishing, uptake was 
appreciable and was continuing at the end of the 
two hour period. 

DISCUSSION 

On inhalation of a volatile substance, the 
volume of the first breath amounts to only a 
fraction of the lung volume. Consequently only a 
portion of the substance first entering the 
respiratory system reaches the alveoli. The same 
is true for the next succeeding breaths. Several 
inhalations are required before the lung stores 
are saturated with the inhalant. The alveolar 
uptake then, during the first moments cannot be 
as large as the total quantity taken into the 
pulmonary system. Lin and Mostert ~~ recog- 
nized this fact and stated that a large original 
uptake was needed to fill the functional reserve 
capacity of the lung. Our data bear out this fact. 

Alveolar uptake and total uptake became 
identical within a few minutes, the actual time 
depending on ventilation and flow. In no case 
were more than four minutes required with our sub- 
jects. Absorption continued thereafter through- 
out the duration of the measurements, diminish- 

ing as the t'ssues became closer to saturation, 
which was not complete within two hours. Data 
from earlier measurements n showed that ab- 
sorption continues for at least three hours. Our 
data support a recent report ~2 (a calculation 
without experimental data) concerning alveolar 
gas which states "In practice, anaesthetic uptake 
will vary with time throughout the course of an 
anaesthetic, decreasing at a rapid rate early in 
administration and still changing at a slow rate 
after several hours of administration." 

Saturation would occur more slowly in obese 
persons, which was shown precisely by our 
subjects. 

The occurrence of continuing uptake is in 
contrast to the reports of those who believe that a 
steady state of nitrous oxide absorption occurs 
after saturation of the pulmonary stores. 46 
Observers who found a constant rate of nitrous 
oxide uptake after the first few minutes may not 
have had an entirely closed system, such as 
Barton and Nunn's 4 withdrawal of gas for 
analysis; they may not have maintained concen- 
trations of nitrous oxide and oxygen strictly in 
accord with the uptake by patients; the circuits 
may have been opened for suction; or they may 
not have had facilities for accurately measuring 
small quantities of gas. 

The average first minute uptake of 25 per cent 
nitrous oxide by our subjects was 337 ml/70 kg. 
If this figure is projected to a 75 per cent 
concentration, the value of 1011 ml/min is 
remarkably close to the 1000 ml estimated by 
Severinghaus) Uptake of nitrous oxide during 
and after the fourth minute coincided well with a 
rate calculated as diminishing with time-"~. The 
total absorption by our subjects was slightly 
lower than this amount (see figure 1). Plotting 
data on a log log scale affords two features: One, 
that a graph of uptake estimated on the basis of 
time -''~ will be a straight line; the other, that 
small differences are emphasized. In this report, 
relationships during the first few minutes are 
seen more easily, as are the continuing small 
uptakes between one and two hours. 

Changes in absorption after the first hour were 
not large. To illustrate, with 1000 ml absorbed 
the first minute, diminution with time-'a would 
mean that 1(30 mi would be absorbed the 100th 
minute and 91 ml would be absorbed the 121st 
minute. Recognition of these small differences is 
difficult without special care. This explains why, 
in a ten litre system (vital capacity plus breathing 
bag, tubes and canister) workers can "coast" for 
45 minutes 13 using a closed system by turning 
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off  the nitrous oxide completely with little 
change in concentration of  nitrous oxide. 

A quantity of  nitrous oxide is lost through 
skin, but this is small in comparison with the 
amount absorbed. Orcutt et a114 and also 
Stoelting et all5 measured that this loss 
amounted to 6 or 7 ml/min when the patients 
inhaled nitrous oxide. The loss rose from zero 
gradually and reached a plateau at some time 
between 60 and 100 minutes. 

Figure 2 illustrates the individual uptake of  
nitrous oxide compared to the average decline 
(dotted line) based on uptake at four minutes and 
calculated according to time ... .  basis for decline. 
Although the average deviation from the mean 
uptake (Table I) was 27 per cent, the subjects 
with uptakes above average remained generally 
high throughout, and vice versa. 

Realization that fairly large individual differ- 
ences occur should alert the anaesthetist to look 
for and to recognize each patient 's  reaction to 
drugs that are given, rather than relying simply 
on calculated average values. 
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R~SUM~ 

C'est en constatam la discordance entre les r6sultats des 6tudes de mesure de la captation du 
protoxyde d'azote chez l'homme qu'il est apparu d6sirable de reprender ces mesures de 
fa~on plus pr6cise en utilisant le contr61e automafique des concentration avec la mesure 
rapide de la captation par cycle respiratoire. On a fait inhaler du protoxyde d'azote t 25 pour 
cent ~t six sujets. Les captations totale et alv6olaire ont 6t6 mesttr~es. La captation inhal6e 
totale ajust6e pour un sujet de 70 kg inspirant une concentration de protoxyde d'azote ~t 75 
pour cent correspondait bien avec une absorption de 1000 ml ~t la premiere minute. Apr6s 
une l~riode de moins de quatre minutes, la captation alv6olaire qui ~t ce moment et 
subs&luemment 6galait la captation totale, a diminu6 ~t une vitesse se rapproehant la racine 
carrie du temps en minute. Les variations individuelles ont 6t6 considerables mais la forme 
de la courbo de d~lin &ait ~t peu pr6s identique chez tousles sujets. L'absorption s'est 
continu6e pendant la l~riode de deux heures. 


