
A REVIEW OF THE CAUSES OF POSTOPERATIVE HYPOXIA* 

G. R. Sv_a_~v_x,z, M.D., D~V.ANAES., F.R.C.P.(C) J ~ 

ARTERIAL OXYCEN TENSIONS are reduced in the postoperative patient breathing air. 
This was studied by Gordh in 19581 and by Nunn and Payne in 1962 -0 and was 
found to occur, despite normal ventilatory volumes and arterial carbon dioxide 
tensions, in patients whose preoperative cardiorespiratory status was normal. 

The purpose of this review is to outline the physiological components and 
discuss the aetiological factors that may be important in a decreased post- 
operative Po2. The extent of the decreased arterial oxygen tension varied in 
different studies with the time of sampling and other conditions as shown in 
Table I. z-7 

TABLE I 
EXAMPLES OF POSTOPERATIVE PO2 IN PATIENTS 

BREATHING AIR 

Spontaneous Controlled 

Marshall and Millar 72 
Conway and Payne --  68.3 -4- 8.4 
Nunn and Payne 65 -- 
Diament and Palmer --  73.8 
Stephen and Talton 80 (~ stir-up) --  
Toronto General 69.1 69.2 

These levels are lower than expected and are of significance when related to 
the oxygen dissociation curve and myocardial oxygenation. S In our study, for 
example, a Po2 of 50.9 was two standard deviations below the mean Po2 of 69.1 
mm. Hg. At this Po~, the oxygen saturation is 83.5 per cent and the arterial 
oxygen content is only 11.2 ml. per cent when the haemoglobin is 10 gm. per 
cent, a common finding in the postoperative period (Fig. 1). As the myocardial 
arterio-venous oxygen difference is 12 ml. per cent, myocardial oxygenation in 
this example would only be achieved by increasing coronary blood flow. This 
may be impossible in the patient with narrowed coronary arteries. Therefore, the 
lowered Po2 values found in the postoperative patient are a definite cause for 
concern. 

The physiological causes of a lowered arterial oxygen tension are shown in 
Table II. Hypoventilation will not be discussed, as the Po: is low despite normal 
ventilation. There is no evidence to suggest true diffusion defects occur in the 
normal patient. 

Ventilation/perfusion abnormalities (i.e., a relative decrease in ventilation) 
may occur and contribute to a lowered Po2 due to venous admixture. This effect 
can be prevented by oxygen enrichment (Fig. 2).9 

*Presented in the Residents' Programme at the Annual Meeting of the Canadian Anaes- 
thetists' Society, June 1967. 
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Fmmm 1. Oxygen dissociation curve. 

TABLE II 
PHYSIOLOGICAL CAUSES OF LOWERED 

ARTERIAL OXYGEN CONTENT 

1. Hypoventilation 
2. Diffusion defect 
3. Ventilation/perfusion abnormality 
4. True shunt 

anatomical 
atelectasis 

5. Lowered cardiac output with constant shunt 
and oxygen consumption 

6. Haemoglobin and dissociation curve 
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I00  Po2 mm.Hg. 

True shunting occurs when venous blood returns to the left heart without 
being oxygenated. During anaesthesia, shunting can develop due to small areas 
of atelectasis. Blood that peffuses unventilated alveoli is not oxygenated, so that 
end capillary oxygen content is low. This contributes to a lowered arterial oxygen 
content and therefore to a lowered Po2. The effect can not be overcome by 
oxygen enrichment. It is these small areas of atelectasis that are believed by some 
to be a major cause of postoperative hypoxia. 1~ 

Cardiac output, according to the Fick principle, is inversely proportional to 
the arterio-venous oxygen difference (Fig. 3). 11 Mixed venous blood contains 
less oxygen when cardiac output is lowered. With a significant shunt, a decreased 
mixed venous oxygen content will result in a decreased arterial oxygen content, x2 
Therefore, with a given shunt, the Po~ is determined by the degree of 
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FIGURE 2 

desaturation of the blood going through the shunt. A significant degree of 
hypotension due to low cardiac output will lower the arterial oxygen tension. 

The haemoglobin level will affect the oxygen content. Also, a shift of the 
oxygen dissociation curve to the right will result in a decreased saturation at a 
given Po2. x8 

AETIOLOGICAL FACTORS AND Tlaxm PREVENTION 

The preoperative factors are listed in Table III. The preoperative values in 
patients with a normal cardiorespiratory status were found to be lower than 
expected. They varied in different studies, depending on the time of sampling 
and whether the patients had been ambulatory just prior to sampling. T M  

Hamilton noted two apparently healthy patients with values of 62 and 56 ram. 
Hg. Conway felt that it was natural for the Poe to be lower in the patient who 
had been supine for a long period. 

Age has been found by many workers to affect the Po2. Nunn found that the 
Po2 was lower in patients over 43, and he drew a regression line showing that 
the Po~ decreased as age increased. TM 
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02 CONSUMPTION 
C.O.= A-V 02 DIFFERENCE 

C.O. - - -  I A-V ~ 0 2 or ~ C%2 

SHUNT EQUATION: 
Qs CcTo 2 - Cao2 

= C(~o2- CrJo2 

C'Qo 2 
o2---Pdo2----Cco 2 
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Cc02 + C'Qo2-,-Cao2-"Pa02 
FmtmE 3. Effect of cardiac output on Pao2. 
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T A B L E  I I [  

PREOPERATIVE AETIOLOGICAL FACTORS OF 
POSTOPERATIVE HYPOXIA 

1, Preoperative values 
Stevens and Hami l ton  84.3  
Diament and Palmer  92 .4  
Stephen and Tal ton  80.4  
Marshal l  and Millar 86 .0  
Hami l ton  et al. 76.5  
Conway el al. 91.8  
Lewis and Welch 81.4  
Toronto General Study 89` . 2 

(range 66.9.-99.4) 
2. Age 
3. Premedication 

(a) atropine 
(b) narcotic 

4. Cardiorespiratory pathology 

Premedication with atropine and/or narcotic will lead to changes. Conway and 
his colleagues studied the effect of atropine premedication and found that the 
mean Po2 in the postoperative period of the atropine group was 15 ram. Hg. 
below that of the control group. 19 However, Nunn could not find a correlation 
between atropine premedication and postoperative hypoxia, e~ 
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The effect of narcotic premedication was studied by Pierce and his col- 
leagues, 21 who found that a combination of meperidine, promethazine, and 
pentobarbital changed the Po2 from 83.8 to 67.0 one hour later, whereas, when 
the pentobarbital alone was given, there was little change. It was concluded that 
the narcotics depress the sigh reflex. This might lead to atelectasis and venous 
admixture. Marshall and Millar found that narcotic premedication decreased the 
mean Po2 by 14 ram. Hg. 3 Although a low preoperative Po~2 does not necessarily 
result in a low one postoperatively, it is likely to have some effect. 

During the anaesthetic period, factors arise that may contribute to postopera- 
tive hypoxia. These are listed in Table IV. The effect of anaesthetic technique 
contributes to this in many ways. 

TABLE IV 
PEROPERATIVE AETIOLOGICAL FACTORS OF 

POSTOPERATIVE HYPOXIA 

1. Effect of anaesthetic technique 
(a) gas mixture (absorbable vs. non-absorbable) 
(b) respiratory pattern 

intermittent hyperinflations 
high tidal volumes 

(c) method of ventilation 
(d) cardiac output 

venous admixture with low C~o~ 
(e) humidification and hydration 
(f) breathing within FRC 

2. Effect of duration 
3. Site of operation 
4. Position 

It has been postulated that the use of absorbable gases such as oxygen and 
nitrous oxide might lead to increased atelectasis. D6ry et al. showed that the 
addition of nitrogen to the mixture would prevent a decrease in functional 
residual capacity (F.R.C.) and prevent atelectasis. 22 However, Webb and others 
have used 50 per cent nitrogen in the gas mixture and have not been able to 
demonstrate any improvement over the use of nitrous oxide? ~ Therefore, the 
effect of a gas mixture containing a non-absorbable gas to maintain the aveolar 
architecture is uncertain. 

The pattern of respiration in the conscious patient includes a sigh about ten 
times per hour. This sigh reflex prevents alveolar collapse. During anaesthesia, 
the sigh reflex is deficient and thus miliary atelectasis may occur with a resultant 
decrease in Po2. Bendixen and his colleagues felt they could substitute for the 
normal sigh reflex intermittent hyperinflations with the anaesthetic mixture. 1~ 
After each hyperinflation, the Po2 rose to near normal preoperative values. How- 
ever, Nunn found that a hyperinflation that was of value would require inflation 
to a pressure of 40 cm. H20 and maintenance for 40 seconds. 24 This resulted in 
severe cardiovascular depression due to the high mean intrathoracic pressure 
attained. We studied the effects of periodic hyperinflations carried out every ten 
minutes during anaesthesia with the anaesthetic mixture, using volumes equal 
to three times the predicted tidal volume. We found no statistical difference 
between the oxygen tensions of those patients in the recovery room breathing air 
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who had had hyperinflations and the tensions of the control group. 7 Thi:s indi- 
cates that the effects of hyperinflations do not last into the recovery period. 

The method of ventilation is a factor because, during controlled ventilation, 
gas is forced to the uppermost parts of the lung while perfusion is greater in the 
lowermost. '-'6 This tends to lead to decreased ventilation relative to perfusion in 
the lowermost parts, resulting in a lowered Pc2. Marshall and Millar showed that 
patients having controlled ventilation had a greater decrease in Po~ than those 
breathing spontaneously, s In patients having controlled ventilation, Sykes and 
his colleagues 27 as well as Bendixen 2s found that ventilation with high tidal 
volumes would protect against a drop in arterial oxygen tension provided there 
was no reduction in cardiac output. However, excessive hyperventilation with 
air has been shown by Fairley a3 to increase the alveolar-arterial oxygen difference 
when the values are plotted on the Po2-Pco2 diagram of Fenn and Rahn 25 (Fig. 
4). In some patients therefore, a drop in Pco2 can result in a decreased Poe, 
depending on the physiological shunt and the cardiac output. 
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FICU•E 4 ( published by permission of Dr. H. B. Fairley) 

Any of the causes of a decreased cardiac output during anaesthesia will lead 
to an increased arterio-venous oxygen difference and therefore a lowered P02 
(Fig. 4). Fairley 29 has presented theoretical considerations illustrating that an 
increased arterio-venous difference and an increased shunt will lead to a 
decreased P02. Kehnan and his group ~~ have suggested that the enlarged 
alveolar-to-arterial oxygen tension difference was due to a decrease in cardiac 
output in the presence of a normal venous admixture. This is contrary to the 
concept of atelectasis and ventilation/perfusion abnormalities as the main factors 
in producing postoperative hypoxia. Prys-Roberts 31 showed that a decrease in 
P02 paralleled the reduction in cardiac output when thiopentone was given. He 
also showed that the P02 dropped when the cardiac output was reduced by 
hy-perventilation. Therefore, any factor that will cause a reduced cardiac output 
extending into the postoperative period will result in a degree of postoperative 
hypoxia. 
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Inadequate humidification and hydration have been postulated as factors 
contributing to miliary atelectasis. The resulting dry gases can lead to ciliary 
paralysis and dry retained secretions. 82 Our investigation* of the effect of ade- 
quate hydration and humidification showed that hydration and the insertion of 
an "artificial nose "3s in the circuit did not prevent a decreased Po2. We also 
studied the effect on postoperative Po2 of inserting a Puritan nebulizer in the 
circuit and found no difference in the values between the treatment and control 
groups. 7 Indeed D6ry suggests that artificial airways maintain normal heat and 
moisture exchange even though they bypass the nose. s4 

Nunn s~ has found that breathing with forced expirations at normal tidal 
volumes (i.e., within the F.R.C.) will lead to collapse. This may occur when 
the patient is straining on the endotraeheal tube or in patients with broncho- 
spasm. Bronehospasm can occur occasionally at the termination of anaesthesia and 
contribute to postoperative hypoxia. 

The duration of the procedure has been suggested as a factor contributing to 
Po2 decrease. Marshall and Millar 3 noted no decrease in the postoperative P02 
after minor surgery with a mean duration of 10 minutes. However, there was a 
definite decrease following major surgery with a mean duration of 68 minutes. 
Our study 7 revealed no correlation between duration and postoperative P02, 
although no procedures were under 30 minutes in length. 

The site of operation will affect the degree of postoperative hypoxia. Surgery 
on the chest and heart would be expected to result in a lowered P02 due to 
pathology, but the drop is significant even edter procedures done on the periphery. 
Abdominal surgery leaves the patient with reduced capacity for the sigh reflex, 
deep breathing, and coughing. Diament and Palmer 5 showed that the Po~ follow- 
ing upper abdominal surgery was about 10 ram. Hg. below that following lower 
abdominal surgery. 

The position of the patient is important as it affects cardiac output. As was 
stated earlier, any factor that decreases cardiac output when there is a significant 
shunt will also decrease arterial oxygen tension. This can occur in the lateral 
kidney position with kinking of the inferior vena cava or in the unbolstered prone 
position with resulting decreased venous return. 

A number of factors in the immediate postoperative period will affect the Po2, 
as shown in Table V. Diffusion hypoxia, as described by Fink, 36 occurs when 
nitrous oxide comes quickly out of solution in the blood at the end of the anaes- 
thetic. This dilutes the alveolar gas and results in a short period of hypoxia in the 
patient breathing air. Millar 3 stated that a patient's Po2 would drop by 10 ram. 
Hg. at fifteen minutes ff the patient had had 70 per cent nitrous oxide. This drop 
was negligible after 30 minutes. 

Air inflations at the termination of anaesthesia were suggested by D6ry 22 to 
re-expand collapsed alveoli and maintain the Po2 at near preoperative values. 
The results of our study sr of this problem revealed no statistical difference 
between the group having air inflations and the controls. Stevens and Hamilton 14 
produced results similar to our own. It is unlikely that this procedure will 
prevent the low postoperative Po2. 

Any factor that inhibits the sigh reflex, such as sedation, tight binders, or 
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TABLE V 
POSTOPERATIVE FACTORS OF 

POSTOPERATIVE HYPOXIA 

1. Diffusion hypoxia 
2. Air inflations 
3. Inhibi t ion of the sigh reflex 

DISCUSSION 
true shunt  

Va/QJ, 
]'venous admixture 

,~P02 J, cardiac ou tpu t  

PREVENTION 
02 enr ichment  
Vigorous stir-up routine 
Maintenance of cardiac ou tpu t  
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incisional pain, may decrease normal surface activity within the alveoli and 
lead to miliary atelectasis. Hamilton 15 states that the "stir-up" regimen will 
prevent low constant tidal volumes and thus improve the postoperative Poe. 
However, Stephen and Talton 6 found that patients breathing air and receiving 
a vigorous stir-up routine still had subnormal values. 

DISCUSSlON 

The decreased arterial oxygen tension in the postoperative period is likely due 
to a combination of increased venous admixture from true shunt and/or  ventila- 
tion-perfusion abnormality, and to decreased cardiac output. Many of the factors 
noted will affect both physiological components. 

The prevention of a low postoperative Po2 begins prior to anaes~esia and 
extends through the postoperative period. The most important time is immediately 
after the termination of surgery in the operating room when the effects of diffusion 
hypoxia, hypotension, respiratory depression, and atelectasis are the greatest. 
It is at this time that myocardial oxygenation is likely to be at its lowest and it 
is at this time that the patient often receives the least amount of care and 
supervision. Oxygen enrichment should be continuous from the termination of 
surgery to the recovery room in order to remove the contribution of ventilation 
perfusion abnormality. A vigorous stir-up routine should be carried out to reduce 
the effect of shunting from atelectasis. The effect of cardiac output on the post- 
operative Po2 is one more reason to prevent this from occurring. 

S u b . a n y  

Postoperative hypoxia occurs to a significant degree in healthy patients 
breathing air following surgery. The preoperative values are lower than was 
previously thought. The possible aetiological factors and their prevention have 
been discussed, and suggestions have been made to minimize the decrease in 
postoperative arterial oxygen tension. 
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R~SUM~ 

La diminution de la tension d'oxyg~ne dans le sang art6riel au cours de la 
p6riode postop6ratoire est attribuable, selon toute vraisemblance, ~ un groupe 
de facteurs: soit ~ la suite d'une augmentation du m61ange veineux h cause d'une 
vraie d6rivation (shunt) ,  soit ~ cause d'un &at anormal de ventilation/perfusion, 
soit h cause d'une diminution du d6bit cardiaque. Plus d'un de ces facteurs 
mentionn6s peut  modifier les deux composantes physiologiques. 

La pr6vention de l'abaissement de la Po2 au cours des suites op6ratoires 
commence avant l'anesth6sie et se continue au cours de la p6riode post-op6ratoire. 
Le moment le plus important se situe imm6diatement ~t la fin de la chirurgie 
dans la salle d'op&ation alors que les effets de l'hypoxie de diffusion, l 'hypoten- 
sion, la d6pression respiratoire et l'at61ectasie sont les plus marqu6s. C'est ~ ce 
moment-l~ que l'oxyg6nation du myocarde est probablement ~t son plus bas et 
c'est au m~me moment que, souvent, le malade revolt moins de soins et de 
surveillance. Une g6n6reuse oxyg6nation devrait ~tre continuelle entre la fin de 
la chirurgie et l'arriv~e du malade ~t la salle de r6veil de fa~on ~ ~liminer le 
facteur de d6s6quilibre de la ventilation/peffusion. I1 faut appliquer une routine 
vigottreuse d'inclinaison pour diminuer l'effet de la d6rivation d6 h l'at61ectasie. 
L'effet du d6bit cardiaque sur la Po2 post-op6ratoire est une autre raison pour 
justifier cette routine. 

En somme, l'hypoxie post-op6ratoire survient ~ un degr6 assez marqu6 chez 
les malades en bonne sant4 qui sont laiss6s ~t l'air libre apr~s la chirurgie. Les 
donn6es pr6op6ratoires sont inf6rieures ~t celles pr6sum6es. Nous avons discut6 
des facteurs 4tiologiques possibles et de leur prevention et nous avons fait des 
suggestions pour r6duire au minimum la tension de O_~ dans le sang art6riel au 
cours des suites op6ratoires. 
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