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Introduction

Surgical site infections (SSIs) are the most common 
nosocomial infection globally.  According to the 
Centre for Disease Control (CDC), approximately 27 
million operations are performed annually in the USA. 
SSI is the major cause of morbidity and mortality and 
is mainly associated with overstay in hospitals and an 
increase in expenditure. Coello and his colleagues 
estimated that extra stay in hospital increases 11.4 
days with an extra expenditure of ₤ 3,500 [1]. Thus, it 
is important to reduce or prevent SSI by revisiting 
measures such as transfusion of blood, shaving, 
hypovolaemia, hypothermia, hyperglycemia, 
malnutrition, oxygen supply, pre-operative stay, use of 
aseptic and antiseptic concepts such as the ultra clean 
room, the duration and technique of operation [2].  

Supplemental oxygen

The WHO recommends appropriate supply of oxygen 
according to the need of the patient during operation 
[4]. It has been found that a high fraction of inspired 
oxygen has advantages like reduction in the frequency 
of postoperative nausea and vomiting [5, 6], healing of 
colorectal anastomoses [7] and reduction in the rate of 
SSI [8]. Furthermore, hyperoxia may help in the 
prevention of pneumonia [9]. 

Risk associated with supplemental oxygen

Pulmonary defence mechanisms may be weakened by 
supplemental oxygen or mechanical ventilation [10]. 
Supplemental oxygen might lead to insufficient 
regulation of blood glucose levels [11], and it may 
alter the cardiac index [12]. Hyperoxia has been 
related to unfavourable effects such as an increased 

risk of airway irritation [13]. During prolonged use, it 
may lead to pulmonary inflammation and atelectasis 
[10, 14].  These authors found that a high level of 
inspired oxygen might lead to respiratory 
complications like pulmonary atelectasis that can be 
identified by computed tomography (CT).  Large areas 
of atelectasis are caused by exposure to air for 5 
minutes with 100 percent oxygen as compared to 
ventilation with lower oxygen concentration [15]. By 
contrast, oxygen administered in a concentration of 80 
percent has not been reported to result in the side 
effects reported with administration of 100 percent 
oxygen [16]. Pulmonary atelectasis is mainly caused 
by short periods of oxygen administration [17].  

Anaesthesia, tissue oxygenation and hypoxia 

Tissue oxygenation

Tissue oxygenation is dependent on circulating 
haemoglobin in tissues, the level of oxygen in plasma 
and tissue blood flow [18]. The oxygen partial pressure 
in tissue is enhanced by perioperative supplemental 
oxygen administration. Although oxygenated arterial 
blood is fully saturated in a patient, the partial pressure 
of oxygen may vary in subcutaneous tissues. Oxidative 
killing helps in the reduction of SSI by increasing the 
oxygen tension in the tissues [19]. In turn, tissue 
oxygenation is dependent on factors such as smoking, 
fluid management, temperature, anaemia, and post-
operative pain [20]. The level of oxygenation in tissues 
is often low in wounds and colorectal anastomoses. 
This reduces tissue healing by oxidative killing and 
also decreases neovascularization, epithelialization 
and initiation of collagen formation [21, 22, 23]. 

Hypoxia 

Hypoxia is one of the most dreadful conditions that 
anaesthetists have to deal with. For general 
anaesthesia, supplemental oxygen is necessary to 
ensure the proper supply of oxygen and the prevention 
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of  hypoxia. It has been found that analgaesics and 
anaesthesia influence respiratory function and this 
may lead to hypoxia which may produce persistent 
effects for up to five days, especially at night [24]. 

Reasons for hypoxia 

Neuromuscular  b locking agents  such as  
benzodiazepines and opioids suppress ventilation. 
Prolonged surgery and re-operation is associated with 
blood loss which may cause hypoxia [25]. Oxygen 
delivery to tissues is impaired by coronary artery 
disease and obstructive pulmonary disease which may 
reduce oxidative killing [26]. Myocardial ischaemia, 
thrombosis and vascular surgery reduce oxygen 
tension in tissues and may lead to hypoxia [27].  
Often, surgery results in hypoxia caused by 
weakening of ventilatory and gas exchange.

Body mass index 

2
If the body mass index (BMI) is 35 kg/m  it increases 
the chance of SSIs because of the impaired oxygen 
supply to poorly vascularised adipose tissue and 
reduced immunity. Obesity decreases circulation 
leading to tissue hypoxia [19]. Pryor and colleagues 

2
found that if the BMI exceeded 30 kg/m  patients 
required increased oxygen supplementation [28]. 

Smoking 

Several studies found that smoking increased SSIs 
[29, 30, 31]. Smoking causes vasoconstriction and 
reduces tissue oxygenation. Gravante and co-workers 
found that the risk of SSIs was reduced by 37% in non-
smokers compared with smokers [31]. 

Oxidative killing

Pathogenic bacteria can be eradicated by oxidative 
killing. Oxidative killing helps in the reduction of SSI 
by increasing the oxygen tension in the tissues - It 
facilitates healing of wounds by epithelialization, 
decreases initiation of collagen formation and 
neovascularization [23].   Oxidative killing enhances 
the immune defense system by production of 
superoxide radicals from oxygen by NADPH linked 
oxygenase which acts as a catalyst [22, 32]. 
Furthermore, lysyl and prolyl hydroxylase are 
catalyzed by oxygen, which helps in the hydroxylation 
of lysine and proline respectively [33]. 

Mechanism of oxidative killing

Oxidative killing results from the production of 
bactericidal superoxide radicals from oxygen. The 
unstable oxygen intermediates and hydrogen peroxide 
boost the phagocytic activity of neutrophils [32]. 
Oxidative pathway inhibitors like cyanide and hypoxia 
greatly impair killing of ingested organisms [34]. 
Vascular endothelial growth factor is activated by 
oxygen free radicals and peripheral vasoconstriction is 
caused by hypoxia which impairs cardiac function [35, 
36]. Neutrophils need glucose for energy and 
molecular oxygen for the production of the 
bactericidal free radicals of oxygen and hydrogen 
peroxide [35]. The energy production by glucose and 
oxygen intermediate free radicals is hampered by 
some bacteria.

The role of the immune system

Polymorphonuclear leukocytes help in the reduction 
of the bacterial count due to oxidative killing. Thus, 
high amounts of oxygen for shorter periods of time 
effectively decrease bacterial count and reduce the size 
of lesions. Silver et al found that oxygen is consumed 
by phagocytes in an area of infection [36]. Mandell et 
al reported that in anaerobic conditions some bacteria 
are efficiently killed by phagocytosis but others may 
not be killed [37]. Knighton et al. observed that the 
wound size reduced by 36%  when it was exposed to 
oxygen at either a concentration of 45% for 1.5 hours 
or 12% for 46.5 hours respectively [38]. 

Phagocytosis 

Environmental oxygen plays a vital role in infection. 
Phagocytes utilized oxygen in reduction of tissue 
oedema and the eventual occlusion of the 
microvasculature. During phagocytosis, neutrophils 
are activated by a number of metabolic reactions with a 
rise in oxygen utilization [39]. Furthermore, activated 
neutrophils increase oxygen consumption resulting in 
lower tissue oxygenation and also cause cell injury by 
hydrogen peroxide, superoxide anions and hydroxyl 
radicals which may be lethal [38]. 

Tissue partial pressure (Po ) / fraction of inspired 2

oxygen (FiO )2

Tissue partial pressure (PO ) is mainly dependent upon 2

sufficient oxygenation of blood. Hohn et al. found that 
if the level of oxygen was raised to 5 mmHg, the killing 
rate was 58% while if it was increased to 30 mmHg the 
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bactericidal activity was 70% [5].  Oxygen enhances 
the activity of leukocytes to kill microbes. Also, it has 
been observed that the rate of SSIs decreases if the 
fraction of inspired oxygen is high [5,8]. If the FiO  is 2

45%, the tissue PO  is 40 mm Hg but if the FiO  falls to 2 2

20% the PO  may reduce to 20 mm Hg. This reduction 2

may cause small changes in blood oxygen content   
but large changes in tissue oxygenation. Tissue PO  is 2

low in infected tissue and supplemental oxygen by  
increasing FiO  levels helps prevent weakening of 2

neutrophil killing, tissue necrosis and inhibits  
proliferation of bacteria and death of local tissues.    
Administration of antibiotics with increased levels of  
FiO  results in efficient bactericidal activity. 2

In conclusion, oxygen acts as a facilitator in the 
reduction of surgical site infections particularly in 
colorectal and abdominal surgery. Supplemental 
oxygen aids in the eradication of pathogenic bacteria 
by oxidative killing. Not only does oxidative killing 
heal wounds, it also enhances the activity of the 
immune system by forming superoxide radicals. 
Furthermore, polymorphonuclear leukocytes also 
participate in the eradication of bacteria by oxidative 
killing. While free radicals of oxygen activate 
vascular endothelial  growth and help in 
vasoconstriction, hypoxia is a major detrimental 
factor in the occurence of SSIs.
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