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THE significance of even transien't anoxia during
anaesthesia has been w'idely recognised for
many years but until recently the frequent
occurrence and potendtiaJ danger of minor deg-
rees of prolonged oxygen desaturation during
the immediate post-operatlive period had not
been appreciated. In 1962 however Nunn and
Payne making use of the newer techniques of
blood gas analysis demonstralted that some
degree of arterial desaturation comimonly oc-
curred after even 'the most trivial surgical
procedures under general anaesthesia. S'ince
then post-operative hypoxaemia has been in-
tensively investigated and though the problem
is not solved some of the relevant factors have
been more clearly iden«tified.

I't has of course been widely known since
the work of Maier and Cournand in 1943
that lung surgery is associated with a substanytial
reduction in arterial saturation which persists
for severall dlays and even weeks after surgery,
an observation later confirmed by Bjork and
Hilty (1954) who drew attention to the sig-
nificance of post-operative hypoxaemia in
relation to the management of patients after
open-chest surgery. Three years earl'ier Troell
(195 1) had observed that 'major abdominal sur-
gery was often followed by arterial desaturation
both in patients who had breatlhed spontane-
ously and in those who had been artificially
ventilated. In 1958 Gordh, Linderholm and
Norlander who were the first workers in this
field to use an oxygen electrode to determine
oxygen tensions in blood obtained a mean fall
in arterill oxygen tension of albout 16 mm.Hg.
after major non-thoracic surgery in patients
free from card'iovascular and respiratory
disease.
Diagnosis of Postoperative Hypoxaemia
One of the problems of post-operative hyp-

oxaemia is the difficulty of diagnosis. For many
years it was widely believed that the colour
of the patient's skin would give the first indica-
tion of oxygen lack but even with an adequate
skin blood flow the arterial oxygen tension
can fall to as low as 40 mm.Hg. without
evidence of cyanosis (Nunn, 1966). In fact

obvious clinical signs are absent with minor
degrees of post-operative hypoxaemia and art-
erial oxygen saturation values show only a
slight fall below normal. But this observation
is less re-assuring than is sometimes supposed.
Because of the characteristic shape of the
haemoglobin oxygen dissocialtion curve slighht
reductions in oxygen saturation at the upper end
of the curve correspond to much larger reduc-
tions in arteridal oxygen tension; (Fig. 1). Thus
an oxygen saturation of 90% has an
equivalent tension of no more than 60 mm.Hg.
in otherwise normal arterial blood. This ex-
plains why the measurement of arterial oxygen
tension prov-ides a much more sensitive index
of minor degrees of arterial hypoxaemia than
does the measurement of saturation.
Oxygen tension measurements are usually

made by a pollarographic technique which is a
chemical method of analysis based on the fact
that When an inert metal such as gold, mercury
or platinum is negatively charged and immersed
in an electrolyte it will give up el&trons to
d'issolved oxygen. The transfer of electrons is
proportional to the current flowing which in
turn is dependent on the amount of oxygen
present. The resulltanrt current change is
measured and expressed in terms of oxygen
tension.
The first measurements of oxygen tension in

blood by polarography were carried out with a
dropping mercury electrode such as that used
by Gordh and his colleagues (1958) but' this
proved both ted(ious and difficult to use. In
particular the deposition of plasma proteins
on the surface of the electrodes was a major
source of trouble. However by 1956 Clark had
demonstrated that it was possible to separate
tihe entire electric celil from the blood or tissue
by means of a thin polyethylene membrane
which prevented the passage of electrolytes but
remained permeable to oxygen. This discovery
comfpletely revdkitionfised the design of oxygen
electrodes so that today virtually all commer-
cially produced electrodes are based on Clark's
original description.
To the improved methods of analysis must

be added the more sophisticated techniques
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FIG. 1 -The relationship between oxygen tension and saturation showing the influence of tem-

perature and carbon dioxide on the slope of the dissociatilon curve (modified from
Samson Wright's Applied Phys,iology. p. 168. 11th Edi.).

for collecting arterial blood. In particular the
developmenlt within recent years of a percutane-
ous technique for catheterising small arteries
such as the radial has made possible serial
studies of blood gas ohanges during surgery
and anaesthesia. The fact that both the elect-
rode design and the techhnique of arterial
catheterisation are recent developments explains
why the detailed study of changes in arterial
oxygen tension under different clinical con-
ditions has only just begun.
Mechanism of Postoperative Hypoxaemia

In the original series of Nunn and Payne
(1962) 24 patients who had breathed spontane-
ously during anaesthesia for a variety of
relatively minor surgical procedures were found
to be hypoxic for up to 48 hours after the
end of the anaesthetic. In these patients the
mean arterial oxygen saturation was 89% which
corresponds to a mean oxygen tension of slightly
less than 60 m,m.Hg. In contrast the mean
carbon dioxide tension was viftually normal
within 20 minutes of the anaesthetic being
discontinued. This suggested that under-ventila-
tion was not a factor in the development of

post-operative hypoxaemia and the belief tihat
depression of respiration did not contribute to
arteriai oxygen desaturation was supported by
Conway and Payne (1963) who found no
evidence of under-ventilation while observing
the effect of adm'inistering oxygen-enriched
mixtures to hypoxaemic patients in the im-
mediate post-operative period. Twelve patients
Who vere studied while breathing room air
between one and two hours after the end of
operation showed an immediate improvement in
arterial saturation when exposed to an inspired
mixture congtaining 30% oxygen. Increasing the
inspired mixture to 50% oxygen did nolt mat-
erially affect the improvement which was not
sustained when the oxygen-enriched mixtures
were withdrawn. Throughout the study the
arterial carbon dioxide tensions remained with-
in normal limits but the extent of the desatura-
tion varied over a faieldy wide range and was not
obviously related to the anaesthetic technique,
the duration of the anaesthetic nor to the
nature of the surgery.

Since, on the evidence, under-ventilation had
not contributed to the arterial desaturation,
consideration had to be given to other factors
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capable of interfering with oxygen transfer in
the lungs of relatively normal individuals. Of
these reduced oxygen diffusing capaci-ty,
though important in heavy exercise at altitude
(West, Lahiri, Gill, Milledge, Pugh, and Ward,
1962), does not cause a fall in oxygen saturation
at rest and therefore could be disregarded.
This left only two major possibilities, pulmo-
nary shunts and maldistribution within the
lungs. Tihe calculated shunt in the study of
Nunn and Payne (1962) was approximately
25% of the pulmonary blood flow. The only
known cause for such a large symptomless
shunt is pulmonary collapse but no rad'iolo-
gical evidence of frank atelectasis was obtained
in any of these patients. Fuetthermore the fact
that in such patients arterial oxygen saturation
returned allmogt to normal on exposure to only
moderately enriched mixtures virtually excluded
shunting as the cause of the desaturation. Thus
maldistribution or relative under-ventilation in
a large proportion of the alveoli was left as
the most likely explanation for the observed
hypoxaemia.
The fact that patients on controlled respira-

tion had not been included in these studies led
to speculation that artificial ventilation might
prevent the development of post-operatlive hyp-

oxaemia but work by Bendixen, Hedley-White
and Laver (1963) and Conway and Payne
(1964) demonstrated that impaired oxygenation
occurred in surgical patients just as readily
after control'led ventilation under general anaes-

thesia as after spontaneous breathing during
the anaesthetic.

In the series of Bendixen and his colleagues
18 patients free from known pulmonary dis-
ease were studied while undergoing operations
which required profound muscular relaxation
and oontro'lled venti;ation. A mean fall in
oxygen tension of 22% and a decrease in lung

compliance of 15% were demonstrated over

a period of study averaging 76 minutes during
which ventilation was maintained at a constant
level. At the end of the period of constant
ventilation three successive hyperinflations of
the lungs restored both arterial oxygen ten-
sion and lung compliance to control values.

Bendixen and his colleagues indicated that
the progressive fall in lung compliance could
be caused partly by changes in surface tension
in the lungs but suggested that most of the
decrease in compliance was due to the collapse
of air spaces. The faet thaat the trend towards
impaired oxygenation and reduced lung com-

pliance was reversed by periodic hyperinfia-

tion was used to support the argument that
the arterial desaturation was due to pulmonary
collapse since it is well known that higher
pressures are needed to open completely col-
lapsed air spaces than to further inflate partially
ventilated alveoli.
The impaired oxygenation of the arteri^wal

blood was attributed to capillary blood flow
being maintained through collapsed and there-
fore unventillated segments of lung. This per-
fusion of underventi;lated alveoli was thought
to divert part of the pulmonary blood flow
in'to the systemic circulation without participa-
tion in tihe normal ventilation processes of the
lung. Normally less than 5% of the total cardiac
output is shunted in this way but t-he develop-
ment of atelectasis can lead to a variable but
often significant increase in the total shunt as
reflected in a substantial fall in arterial oxygen
tension.
On the basis of their observations Bendixen

and his group postuilated that progressive pul-
monary atelectas'is associated witih impaired
oxygenation of the arterial blood regularly
accompanies anaesthesia if period"ic hyperinfla-
tion of the lungs does not occur even when
ventilation is normal by the usual criteria.
The validity of this interpretation is doubt-

ful however. It does not explain the observations
of Conway and Payne (1964) who also invest-
igated the relationship between artificial
ventilation duting surgery and post-operative
oxygen desaturation in a group of 15 patients
anaesthetised for routine elective surgery. In
this study the patients were anaesthetised with
a nitrous oxide-relaxaant tedhnique and ventillated
manually so that the ventilation although
adequate, was unlikely to be uniform, a fact
which was confirmed by the variations in the
carbon dioxide tensions of the arterial blood
(Fig. 2.)

Despite the irregular hyperventillation Conway
and Payne observed a mean arterial oxygen
saturattion after surgery of only 91.2%, equiva-
lent to an oxygen tension of 68 mm.Hg. But
not only was hypoxaemia present post-
operatively, it was also in evidence during
surgery even When hyperventilation was em-
ployed and in spite of an inspired oxygen
concentraltion in the anaesthetic mixture, which
was never reduced below 25%. Most surprising
of all however was the observation that some
degree of desaturation was present in five
premedicated patients studied before the in-
duction of anaesthesia.

This unexpected observa:tion gave support
to the view that neither the anaesthetic agent
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FIG. 2.-Changes in arterial oxygen tension, arterial carbon dioxide tension

and standard bicarbonate be-fore, during and after anaesthesia with
controlled respiration. Horizontal l-ines denote mean values and ver-
ttical bars indicate standard devi!ations. Time scale is logarithmic.
:(By courtesy of the Editor of the Lancet).

nor the technique was solely responsible for
the hypoxaemia and focused attention on pre-
medication. Thus a more careful scrutiny of
earlier papers revealed that oxygen desatura-
tion after premedication was not uncommon,
although in most instances the observation had
been repor,ted without comment (Tomlin, Con-
way and Payne, 1964).
Effect of Premedication
The first evidence of impaired arterial oxy-

genation after premedication was puiblished in
1951 by Johnson who descrilbed a fall in oxygen
saturation from 95 to 92% in nine patients

given morphine and hyoscine before surgery.
A-bout the same time Troell (1951) reported
a mean oxygen saturation value of 92.8% in 28
patients prepared for surgery; unfortunately the
premedication was not stated. A further study
in which the premedication was unspecified
was that of Holiday, Ma and Papper (1957)
who found a mean oxygen satu-ration of 83%
in a group of 25 patients before surgery.
Although these authors themselves expressed
doubt about the accuracy of their method of
determining oxygen saturation, the 10% error
which they were willing to concede still implied
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a significant degree of hypoxaemia in their
patients.

Further evidence of impaired arteriail oxy-
genation after premed'ication is to be found
in the work of Gord'h, 'Lindejholm and Nor-
lander (1958) whose patients showed a
significant 'fall in arterial oxygen tension after
the injection of morphine and hyoscine. In t'he
course of 'their investigations Gordh and his
'colleagues administered pure oxygen to pre-
medicated patients and demonstrated a sulbstan-
tia'l increase in the alveolar-arterial oxygen
gradient. This 'increased venous-admixture
following premedication was attributed to bed-
rest and possilbly to pre-existen't pulmonary
disease.

Other evidence of arterial oxygen desatura-
tion in premedicated patienits before surgery
was obtained from a series of palpers puiblished
between 1959 and 1962 'by Dobkin and his
group who measured the arterial oxygen satura-
tion in a 'total of 161 premedicated patients
before ithe induction of anaeSthesia (Dobkin,
1959; Dobkin, Drummond and Perkin, 1959;
Dobbk'in, Jdhnston and Skinner, 1959; Dobkin
and Byles, 1962a, 1962b; Dobkin and Song,
1962). The mean arterial oxygen saturation of
90.7% derived from these determinations
implied a significant degree of impaired oxy-
genation ascribed 'by Dobkin and 'his colleagues
to 'the centtral depressanrt effect of the narcotic
drugs included in the premedication.

But the post-operative hypoxaemria observed
by Conway and Payne (1964) occurred in
patien'ts given atropine only and 'therefore could
not be attributed to narcotic drugs. The possgilbi-
lity that atropine could influence the oxygen
conten't of arterial blood had then to be con-
sidered. Accordingly Tomlin, Conway and
Payne (1964) compared the'mean 'arterial oxy-
gen saturation of 24 patients given atropine
with Ithat of a similar unpremedicated group.
The mean arterial oxygen saturation in the
atropirised group was 93.4%, a value sig-
nificanttly lower than Ithe vailue of 96% obtained
from the control 'grou'p. Wlhen the saturation
values were interpolated 'to obtain the cor-
responding oxygen 'tensions the atropinised
pa'tients were 'shown to 'have a mean arterial
oxygen 'tension 15 m'm.Hg. lower than that in
the contrdl group.
Other investigators however have failed to

confirm this observation. Daly, Ross and
Behnke (1963) found no dhange in arterial
oxygen saturation 'ten m'inutes after intravenous
atropine and Nunn and Bergmnan (1964) were
unable to find a significant change in arterial

oxygen tension twenty minutes after the drug
had been given intravenously; but 'bolth these
groups demonstrated a'marked increase'in phy-
siological and anatomical dead space in the'ir
healthy vo'lunteers after 'the administration of
atropine. Simi'larly in a limited study of six
healthy young women admitted to lhospital for
uterine curettage Taylor, Scott and Donald
(1964) showed 'that 'the arterial oxygen tension
was not significantly altered by tihe adlmintistra-
tion of atropine given intramuscularly. Because
of the apparent discrepancies Conway and
his colleagues planned to ex'tend their work to
ascertain firstly whe'ther 'the action o-f atropine
was dependent upon the route of administra-
tion of 'the drug and secondly whether the
omission of atropine premedication would subs-
tan,tially modify the course of post-operative
hypoxaemia'(Conway, 1966).
Arterial Oxygen Tension in Normal Patients
One difficullty that 'had 'to be overcome

before such an 'investigation could be carried ou't
was the lack of agreement among clinicians
albout the normal arterial oxygen tension in
hospitallised patients awailting surgery. 'indeed
it was 'argued by Stephen and Talton (1964)
that the real values were unknown. These
workers in a study of 14 surgical patients
obtained 'the low mean value of 80.4 'mm.Hg.,
and Hamilton and 'his colleagues (1964) derived
an even lower value of 76.5 mm.Hg. from
27 patients awaiting elective surgery.
To estalblish normal values 'for th'is parameter

arterial iblood gas 'tensions were determined in
a series of patients admitted 'to hospital for
elective surgery. For the 'purpose 'of 'this study
patients suffering from any form of cardiovasc-
lar or respiratory disease were excluded since
the presence of sudh disease woutld almost
certain'ly 'impair the oxygenation of arterial
blood. Apart from 'this assessment of 'physica;l
status patients were selected for the trial at
random. Du!plicate determinations of arterial
oxygen and carbon dioxide tensions were made
in 70 adult pa'tients of both sexes. No differ-
ence in arterial ioxygen tension was noted
between the sexes, bu't 'there was a marked
inverse correlation between arterial oxygen
tension and age. Sta'ti5tical evaluation of this
relation-ship gave a regression equation of the
form Pao2=102.5-0.22 (age), (Fig. 3) with a
standard deviation of 4.7 'mm.Hg., and a cor-
relaltion coefficient, r= -0.61 '(Conway, Payne
and Tomlin, 1965). This relationship 'is su,bs-
tantially 'the same as 'that described by Ra'ine
and Bishop '(1963) who derived a regression
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FIG. 3.-Arterial oxygen tension in relation to age.
The points represent duplicate estimations of
arterial oxygen tension in 70 adult patients. The
regression line and the formula from which it
was derived are shown. (,By courtesy of the
Editor of the British Journal of Anaesthesia.)

equation of 'Pao2= 103.7 - 0.24 (age) from
gtudies on healthy volunteers. It was therefore
concluded 'thait the arterial oxygen tensions of
otherwise 'healthy surgical patients diiffered in
no way from those of tihe normal population
and that no special precautions were needed in
a further study of the effects of atropine.
Arterial Oxygen Tension and Atropine

Studies were carried out on three separate
and comparable groups of patients, all of whom
received a standard dose of 0.6 mg. of atropine,
regardless of weight. The 'first group of 18
patients received 'subcutaneous -atropine, and
in this group a mean fall in arterial oxygen 'ten-
sion of 8.9 mm.Hg. was observed one hour
later. 1In the second group of 15 patients, who
received initramuscular atrooine the mean falil
in oxygen tensiion was only 2.1 mm. Hg. and in
the last group of 10 patients given intravenous
atropine the fall in oxygen tension of 0.2
mm. Hg. was negligtible. Thus of the three
groups, only those patients given subcutaneous
atropine developed a significan't fall in arterial
oxygen tension. TIhe failure of Daly and his
co-workers (l963) and Nunn and Bergman
(1964) to demonstrate hypoxaemia after atro-
pine -can therefore 'be ascribed to the use of
intravenous atropine in their studies.

This fall in arterial oxygen tension after
atropine is less than that previously reported
by Tomlin, Conway and Payne (1964). This
may Ibe due to the fact that in the earlier sftudy
separate treated and control groups were com-

pared whereas in the present study each pa'tien't
acted as 'his own control. Furthermore in the
original study two other potential sources of
error were present: first, many of the oxygen
tension values were derived 'from oxygen
saturation 'measurements by means of the Dill
dissociation curve, and second the mean carbon
dioxide 'tension in these pa9tients was 8 mm.Hg.
below the generally accepted normal of 40
mm.Hg. This respiratory alkalosis, by shifting
the dissociation curve to 'the left may have
exaggerated the fall in oxygen tension and
ad'ded 'to 'the error inherent in saturation deter-
minations.
The modifying influence of atropine upon

pulmonary function is not in dispute. Higgins
and 'Means in 1915 demongtrated that the
respiratory dead space in man was increased
after ithe parenteral adimini5tration of atropine,
an observation since confirmed by Severinghaus
and Stu'pfel (1955); Daly, Ross and Beshnke
(1963) and Nunn and Bergman (1964). Severin-
ghaus and Stupfel related the increased dead
space to reduction in brondhial and tracheal tone
produced by atropine. In a more detailed study
Daly and ihis co-workers showed that after
atropine in man an increase in lung compliance
occurred w1hich was independent of a simul-
taneously occurring fall in airway resigtance.
They'were also able to demonstrate a reduction
in pulmonary vascular resistance and a move-
ment of blood out of the lungs which reduced
the quantity availlable for gas exchange. Both
these effects could 'be explained by a specific
action of atropine upon the pulmonary
vasculature.

A displacemen't of blood from the lung by
atropine was also invoked 'by Rotman (1964)
to account for a reduction in pulmonary diffus-
ing capacity produced iby atropine which could
not be adequa'tely explained on the basis of
the 'increased respiratory dead space. Further
support for the view that blood is displaced
from the lungs 'into 'the sysotemic circulation by
atropine comes from the o'bservation that in
anaesthetised 'patients with hypotension and
bradycardia the intravenous injection of atropine
is fdllowed within 20 seconds by a rise in blood
pressure which precedes the onset of tachycardia
(Payne, 1966).
Another aspect of the rather complex action

of atropine on 'tihe lungs was investigated in
sheep by Halmagyi and h'is colleagues (1964)
who studied 'She relationship between lung
compliance and effective pulmonary capillary
blood flow 'before and after the administration
of atropine. On 'the basis of 'their ifindings they
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postulated the existence of a local pulmonary
alveolar vascular reflex by which perfusion 'is
regulated in response to ventilation. They
furtther postula:ted that atropine 'blocks this
local reflex and renders the pulmonary blood
flow passive.
Thus the fall iin arterial oxygen tension

following the suibcutaneous adm!inistration of
atropine could ibe due to its action on the
nervous or local reflex regulation of the cir-
culation 'through the 'lung; 'but it could also
result from impaired ventilation due to in-
creased tenacity of secretions following atropine.
The fact that the fall in oxygen tension appears
to be a ifunction of the route of administration
supports 'the latter explanation. This pheno-
menon could n6t be demonstrated when atropine
was given by intravenous injection which favours
rapid albsorption, a high initia:l (blood 'level, and
a re'latively short duration of action. Sub-
cutaneous adminigtration allows slow absorp-
tion and the possibility of prdlonged
main'tenance of effective (blood levels. In this
connection it has long been recognised that
the subjective effects of atropine are minimal
when given intravenously and most pronounced
after subcutaneous administration.
The circulatory and venrtilatory effects of

atropine on the 'lung are difficult to reconcile
particularly in relation to the effects on arterial
oxygen tension. Nevertheless -there is sufficient
evidence that the drug is 'implicated in the
development of poSt-operative 'hypoxaemia to
justify 'the recommendation that it should no
longer be used routinely for premedication.

Postoperative Hypoxaemia and Age
Recently N'unn (1965) 'has demonstrated a

sign'ificant correlation between the severity of
of post-opera-tive 'hypoxaemia and age, and has
drawn atten'tion 'to the existence of a s'imilar
relationship in 'previous 'published series by
other authors. Such a relaltionship between age
and arterial oxygen tension during -the post-
operative period might of course have been anti-
cipated from 'the -work of ,Raine and Bis'hop
(1963) which related arterial oxygen tension to
age 'in normal subjects. Of considerable im-
portance is 'the fact that 'the slope of the
arterial oxygen 'tension-age regression line is
mu,h steeper in 'pa!tien'ts after 'surgery than in
normal volunteers (Ra'ine and Bishop, 1963)
or in 'healthy patients awaiting surgery (Con-
way, Payne and Tomlin, 1965). The increased
slope of 'this line 'in the post-operative period
implies that a greater fa:'ll in arterial oxygen
tension is ito be expected in elderly patients

Pa02 L N
mmHg
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60 -NF
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0 20 40 60 80 yrs
AGE

FIG. 4.-
A. Conway, Payne and Tomlin

(1965) conscious surgical
patients 102.5-0.22 (age)

B. Raine and Bishop (1963)
healthy volunteers 103.7-0.24 (age)

C. Gordh, Linderholm and
Norlander (1958) 92.1-0.327 (aFge)

E. Nunn (1965) 1 'hour after
operation 84.8-0.343 (age)

D. Palmer and Gardiner (1964)
day after operation 97.7-0.429 (age)

F. Nunn (1965) pooled data 94.3-0.455 (age)
Regression lines A and B represent the fall in
oxygen tension with age in healthy subjects. 'Re-
gression lines C, D, E and F represent the fall
in oxygen tension with age in patients after
anaesthesia and surgery and indicate that not
only is the oxygen tension lower after anaesthesia
and surgery but also !that the fall is greater with
increasing age.

(Fig. 4) Whose arterial oxygen tension is already
low and 'who are 'therefore least able 'to tolerate
further impairment (Payne and Conway, 1965).

Other Factors
Although there is now considerable agree-

ment t-hatt the fundamental disorder in 'post-
operative hypoxaemtia is a disturbance in the
ventilaltion-perfusion ratio, other explanations
for 'tihis 'phenomenon Ihave Ibeen advanced.

In a review of the factors influencing post-
operative hypoxaemia 'Marshall and Millar
(1965) claimed that the hypoxaemia Whlich 'they
observed could 'be explained almost entirely
by a combination of under-ventilation and
'diffusion hypoxia' but their evidence is not
convincing. The 'higthest 'mean carbon dioxide
tension recorded in their studies was 43
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mm.Hg., a level scarcoly compatible with sig-
nificant under-ventilation. The occurrence of
'diffusion hypoxia' following tihe return to air-
breathing after inha'ling nitrous oxide is of
course welil known (Fink, 1955). It is due to
the rapid passage of large vlu'mes of nitrous
oxide 'from the pulmonary capillary blood into
the alveoli. Such a transfer of ni'trous oxide
di'lutes the alveolar air and 'produces inspiratory
hypoventilation with a tendency to expiratory
hyperventilation. The phenomenon however is
essenitiadlly transient and is unlikeily to give rise
to post-operative hypoxaemia lasting several
hours.

In support of their contention Marshall and
Mi'l'lar pointed out 'that they had 'been u,nable
to demonstrate'post-operative hypoxaemia after
short operations 'but that it was common after
more prollonged procedures. They argued that
during long operaltions more nitrous oxide is
taken up and as a result a greater amount of
the gas is available to cause diffusi,on lhypoxia
when the anaesthetic is withdrawn. But nitrous
oxide is a re'latively 'insoluible anaesthetic gas
with a 'high rate of uptake only during the
induction sgtage; thereafter the uptake falls off
very rapidly so -that the amount dissolved in
the body when anaesthesia is prolonged is not
sulbstantially increased. This, together with the
fact thalt impaired oxygenation is commonly
found post-operatively in ipatients who have
not been exposed to 'nitrous oxide, virtually
excludes diffus'ion 'hypoxia as a'major factor in
the development of 'post-operative hypoxaemia.
Nunn and ihis colleagues '(1965) have

descrilbed andther possible factor in the genesis
of post-operative 'hypoxaemia. They showed that
When volunteers breathed 'within their functional
residual capacity 'by deliberately contracting the
albdominal muscles during expira'tion increased
ghunting of blood occurred 'in the lungs. Nunn
and 'his col'leagues also showed that the shunting
effect was 'increased 'by 'breathing -pure oxygen
and -that on return 'to a!ir-breathing the oxygen
tens'ion fell sharply to below normal levels
and was associated with a varying degree of
lung cIllapse 'Which persisted for up to 48
'hours.

This cobservation may explain Why patients
straining on an endotracheal 'tube are often
cyanosed even wuhen the tida:l volume is
aoparently normal. Presumably patients witth
chronic chest diisease are particularly sus-
ceptilble to this type of col'lalpse and -this pro-
bably accounlts for Hobsley's observations
(1963) that if a reduced arterial oxygen tension
was foun'd immediately after operation in

patien'ts with chronic bronehlitis frank collapse
almost invariably followed.

In addition to chronic chest disease a variety
of other conditions such as obesity, abdominal
surgery and relaxant drugs can reduce t-he
functional residual capacity, and it is well
within the 'bounds of possibility ithat *this re-
duction can exaggerate or even provoke post-
operative hypoxaemia. It is difficult however
to see how 'such 'hypoxaemia could be symptom-
less; almost certainly in these circumstances the
frank atelectasis descri(bed iby Hobsley would
develop and diagnosis would be relatively easy.
It is worth remembering thatthe hypoxaetmia
descriibed 'by Nunn and Payne ('1962) was not
associated with demonstrable atelectasis or in-
deed with any signs and symptoms other than
the reduced oxygen 'tension in 'the blood, where-
in ilies the danger.
Significance of Postoperative Hypoxaemia
The clinical significance of post-operative

hypoxaemia is not easy 'to assess. A reduction
of arterial oxygen tension of 20 or even 30
mm.Hg. from the normal level is 'unlikely to
result 'in dangerous tissue hypoxia in 'healthy
individuals at rest but such a reduction occur-
ring in patients whose arterial oxygen tension
is a(lready low might easily lead 'to serious
hypoxia and even death. The danger is greatest
in the im'mediate post-operative iperiod when
the restlessness of hypoxia is of'ten misinter-
preted as evidence of pain and treated with
morphine. Patients with limited cardiac or
respiratory reserves are particularly vulnerable
as also are 'patients whose metabolism 'is in-
creased or otherwise deranged, and the administ-
ration of oxygen 'should be a rou'tine part of
their post-operative management. Elderly
patients who are liable to a greater degree of
post-operative 'hypoxaemia superimposed upon
pre-existing normally low arterial oxygen ten-
sions should also rece'ive such routine oxygen
therapy.
The administration of oxygen does not solve

the prdblem of post-operative oxygen deficiency
but at least it relieves the hypoxia and in
individual cases it may even prevent the onset
of irreversible bra'in damage. Recently however
Ravin (1966) has daimed that 'the impaired
oxvgenation seen after surgery and anaesthesia
will irespond to deep breathing in nearly every
instance. In ihis series 20 'healthy patients were
stuidied following surgery. One hour after
operation arterial blood samples were with-
drawn for the determination of oxygen satura-
tion values, Ithereafter ten patien'ts selected at
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random were asked ito take five consecutive
deep breaths. The effect of this was to pro-
duce a mean arterial oxygen saturation that
was significantly greater than in the control
group; this difference remained significant after
eight to ten hours. If Ravin's observa:tions can
be substantiated the management of post-
operative hypoxaemia wil'l be considerably
simplified and perhaps a ilarge element of the
risk involved eliminated.
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