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Relief of Post-operative Pain: Comparison of a 25% Nitrous-oxide
and Oxygen Mixture with Morphine

G. D. PARBROOK,* M.B., F.F.A. R.C.S.; G. A. D. REES,t M.B., F.F.A. R.C.S.

G. S. ROBERTSON, M.B.

Brt. med J., 1964, 2, 480-482

Nitrous oxide has had a wide use as an analgesic in midwifery
and in dental surgery, but its use does not appear to have been
investigated for the relief of post-operative wound pain.
We describe here a study designed to compare the relative

potency of nitrous oxide and morphine for relief of pain in
patients during the first 48 hours after upper abdominal opera-
tions. Post-operative pain in such patients restricts breathing
to a marked degree, and the relief by analgesics of this restric-
tion can be assessed by simple tests of vital capacity in the
manner described by Overholt (1930), Bromage (1955), and
Masson (1962). Previous work on volunteers (Chapman et al.,
1943 ; Sonnenschein et al., 1948 ; Delisle Burns et al., 1960;
Dundee and Moore, 1960; Parkhouse et al., 1960; Robson
et at., 1960; Dundee et al., 1962) suggested that 25% nitrous
oxide in oxygen was the most suitable concentration for this
study.

Material and Methods

The investigation was limited to patients under the age of
60 who had operation wounds in or extending to the upper
abdomen. Prior to operation the patients were seen, the nature
of the trial was explained, and their co-operation obtained;
vital capacity and peak expiratory flow readings were then

measured and the nitrous oxide and oxygen breathing apparatus
was demonstrated.

If vital capacity is measured before operation and again after
operation, when the patient is fully recovered from the anaes-
thetic, its diminution gives some measure of the impairment of
respiratory movement. This can be taken as some measure of
the degree of pain. If this pain is then relieved by an analgesic
the vital capacity increases in proportion to the efficacy of the
drug. A perfect analgesic will restore the vital capacity to vir-
tually the pre-operative value, whereas a drug having no effect
will make no difference to the vital capacity. We therefore used
changes in vital capacity, and, to a less extent, those in peak
expiratory flow rate, as a way of assessing the analgesic effects
of nitrous oxide and morphine.

Vital Capacity.-This was measured by the Wright respiro-
meter used with a mouth-piece and Ruben valve, and with a
nose-clip applied. After practice readings the mean of three
readings was noted. Although the Wright respirometer is less
accurate than bulkier apparatus for vital capacity measurement,
it was thought to give satisfactory comparative readings since
the same respirometer was used in every case.

Peak Expiratory Flow Rate.-The Wright peak flow meter
was used and the mean of three readings taken after practice
" puffs."
25% Nitrous Oxide in Oxygen Mixture.-The mixture was

delivered to the patient from a specially calibrated Walton 5
machine using a reservoir bag and a non-rebreathing circuit
with a Ruben valve. The " pressure " control was adjusted so
that the reservoir bag did not collapse during inspiration while
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the patient breathed through a mouthpiece. A nose-clip was
worn to prevent air dilution of the mixture. The gas mixture
delivered was regularly checked with a Beckman paramagnetic
oxygen meter, and found to lie between 24 and 26% nitrous
oxide in oxygen.

Post-operative Procedure.-The vital capacity and peak
expiratory flow measurements were repeated the day after opera-
tion, at a time when no opiate had been administered in the
previous five hours. The 25% nitrous oxide mixture was then
given for a period of 10 minutes, immediately after which the
readings were repeated. About 15 minutes later morphine was
administered intramuscularly (1 mg./stone (0.16 mg./kg.) body
weight) and further recordings were made one hour later. The
same procedure was repeated some 11 hours later.

Results
Vital Capacity Results.-The results may be presented most

clearly in the form of the respiratory restoration factor (R.R.F.)
of Bromage (1955). This represents the improvement of the
readings as a percentage of the improvement which one would
see if the vital capacity was to return to the pre-operative value,
and may be expressed as follows:

Analgesic V.C.-Pain V.C.R.R.F=
Pre-operative V.C. -Pain V.C.

X 100

Fig. 1 shows the close agreement of the initial and repeat
readings when they are expressed in this form. Analysis of the
total readings gives the following results:

Mean R.R.F. Percentages
Residual Standard Error

N20 Morphine Difference Standard Deviation of Mean Difference
19 17 10-84 8-33 12-52 2-80

25 -

I-

Z;

4

5.)

0

LL:

a:

20 -

1s-

s0-

0

us
C~

T<

&A
Lin
of

a-

LuJ

a.0-

LS

In

0

a:
Ln

CD

z'

tr
0-

BRiTNs
MEDICAL JOUNA. 481

Duration of Analgesia After 25% Nitrous Oxide.-After the
administration of this mixture to the patient the duration of
analgesia was checked by repeat vital capacity readings. On 20
occasions the results were repeated 10 minutes after nitrous
oxide and on 10 occasions each they were repeated 5 and 15

minutes after nitrous oxide. The results (Fig. 2) indicated that
significant analgesia persisted for five minutes and that the effect
was entirely lost after 15 minutes.
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FIG. 2.-Duration of analgesia after 25% N,O mixture.

Combined Use of 25% Nitrous Oxide and Morphine.-On
15 occasions the administration of nitrous oxide was repeated
one hour after morphine (1 mg./stone (0.16 mg./kg.) body
weight) had been given. It was found that the combined use
of these analgesics was more potent than either one by itself as
judged by the vital capacity results (P<0.05) (Fig. 3). These
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FIG. 1.-Showing close agreement of the initial and repeat

readings.

The residual standard deviation, which measures the variation
in repeat measurements on the same patient, is the relevant
index of the scatter of observations for the comparison of the
effects of nitrous oxide and morphine. The ratio of the mean
difference to its standard error gives a t value of 2.98 (P<0.01).
The 25% nitrous oxide in oxygen was therefore significantly
more potent than morphine. The advantage was also significant
for initial and repeat tests separately, whether calculated from
R.R.F. or absolute values. Two sources of bias existed. Firstly,
the vital capacity readings improved at an average rate of 1%
per hour in this trial and consequently the results after mor-
phine are 1% higher than they should be. Secondly, the
Wright respirometer gives a slightly high reading if a denser
gas is used in place of air, and laboratory checks showed that the
recordings with a 25% nitrous oxide mixture are about 1% too
high. As these two sources of bias were small, equal, and
opposite, no corrections were made to the results.
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figures contrast with results following the combined use of mild
analgesics, where no increased benefit occurred (Wolff et d.,
1941).
Peak Flow Results.-Not all patients could produce a record-

able peak flow after operation, and initial and repeat recordings
were obtained in 15 patients. Higher average readings were
obtained with nitrous oxide, but were significant on the second
occasion only (P<0.05), and the combined use of nitrous oxide
and morphine in 15 patients (Fig. 4) gave peak flow R.RF.
recordings significantly higher than either treatment by itself
(P<0.05). The peak flow recordings showed greater variability
than those for vital capacity and they appeared to be less satis-
factory as a test for analgesic potency. Masson (1962) and
Parkhouse and Holmes (1963) showed that little change can be
detected in post-operative peak flow readings after conventional
narcotics.

Side-effects.-In nearly all patients a tendency to feel sleepy
and appear sleepy was noticed after nitrous oxide. No other
side-effect was noted. The gas appeared to be readily accepted
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by the patients, but in one patient the administration of the
mixture had to be discontinued prematurely because the mouth-
piece produced a tendency to retch.
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FIG. 4.-Post-operative readings.

Discussion

This pilot study suggests that a 25 % nitrous oxide in oxygen
mixture will be of value in the relief of post-operative pain.

This mixture could be provided either from a special machine
or, perhaps more conveniently, from premixed cylinders
(Tunstall, 1961, 1963 ; Cole, 1964). Short-term combined
therapy of nitrous oxide and oxygen mixture and narcotic may,
by producing better relief from pain, facilitate coughing and
vigorous physiotherapy.
A recent study (Nunn and Payne, 1962) has suggested that

many patients are mildly hypoxic in the first 24 hours after
operation, and it may be that continuous treatment with nitrous
oxide and oxygen mixtures warrants further investigation to
relieve both anoxia and pain. The main indication for analgesia
after operation is during the initial 24 to 48 hours (Parkhouse
et al., 1961), and this period appears to be within the safety
margin for reversible bone-marrow depression which occurs on
more prolonged therapy with higher concentrations of nitrous
oxide (Lassen et al., 1956 ; Green and Eastwood, 1963). The
problems involved in the clinical application of a 25% nitrous
oxide and oxygen mixture in post-operative pain relief are the
subject of a further study.

Summary

The use of vital capacity and peak expiratory flow rate
readings to estimate the degree of pain after upper abdominal
surgery is described. A mixture of 25 % nitrous oxide and
oxygen was administered to 20 patients and a significant degree
of pain-relief was obtained lasting for a few minutes after
administration was stopped. In terms of vital capacity and peak
flow the improvement was better than that obtained by morphine
(1 mg./stone (0.16 mg./kg.) body weight). The combined use
of nitrous oxide and morphine gave better results than either
agent alone. The value of a 25 % nitrous oxide mixture as an
aid to physiotherapy and for prolonged use after abdominal
operations is discussed.

We are indebted to the British Oxygen Company Limited, who
lent us the Walton 5 machine, and to Mr. P. F. Jones and Mr.
J. Kyle, who kindly permitted us to carry out the investigations on
patients under their care. Our thanks are also due to Dr. W. Brass,
senior lecturer in the Department of Statistics, for his assistance,
and to Dr. W. N. Rollason, Director of the Department of Anaes-
thetics, for his encouragement and guidance in this work.
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Effect of Circulating Antibody to Insulin on Serum Levels of
Insulin-like Activity in Rats, Guinea-pigs, and a Diabetic Patient

NAGUIB SAMAAN,* D.M., M.R.C.P.ED.; RUSSELL FRASER,t M.D., F.R.C.P.

Brit. med. J., 1964, 2, 482-485

Our recent attempt (Samaan et al., 1962) to make the fat-pad
bioassay for insulin more specific by incorporating an antibody
in the assay procedure revealed that most but not all of the
insulin-like activity (I.L.A.) in peripheral serum was
" atypical "-that is unaffected in its in vitro activity by an
antibody to insulin. Subsequent studies have confirmed that
while the pancreas probably secretes insulin into the blood-
stream in " typical " form-that is, one whose bioassay effect

is antagonized by an antibody to insulin-the liver transforms
some of this typical insulin into the other, or atypical, form
which constitutes most of the I.L.A. in peripheral serum
(Samaan et al., 1962a, 1962b, 1963). It is surprising that the
guinea-pigs in whose sera this antibody is raised show no hint
of diabetes mellitus, for their glucose-tolerance tests are strictly
normal (Wright, 1961, 1963; Mann and Smith, 1963) even in
the presence of the very high titre of potent antibody to insulin
known to circulate in these animals. At first sight this does not
seem consistent with the reports of other experiments in which
injecting serum from these animals into other species has been
followed within hours by the development of a full-blown

* Research Fellow of British Medical Research Council at the Depart-
ment of Medicine, Postgraduate Medical School of London.

t Professor of Endocrinology, Department of Medicine, Postgraduate
Medical School of London.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5407.480 on 22 A
ugust 1964. D

ow
nloaded from

 

http://www.bmj.com/

