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Oxygen is crucial for aerobic cellular metabolism; how-
ever, mitochondrial respiration can also form reactive 
oxygen species (ROS) [1], the level of which directly cor-
relates with oxygen exposure [2]. It is, therefore, obvious 
that increasing oxygen administration (i.e., inspiratory 
oxygen fraction, FiO2) will increase the inspired O2 con-
centration and, consequently, the level of ROS produc-
tion. Antioxidant defenses generally protect the cell and 
allow ROS, at low concentrations, to participate physi-
ologically in several signaling pathways. However, when 
ROS concentrations become excessive and defenses are 
overwhelmed, harmful effects are observed on cell orga-
nelles. A major consequence of rapid, excessive ROS 
production is the initiation of an inflammatory response 
that may result in organ failure [3]. These pathophysi-
ological effects of ROS highlight the possible dangers of 
hyperoxia and indicate that supraphysiological levels of 
arterial partial pressure of oxygen (PaO2) are not without 
risk. The situation is rather complex in the clinical setting 
as hypoxemia is also associated with an increased risk of 
death in critically ill patients [4]. Thus, a risk–benefit bal-
ance needs to be struck between treating injurious levels 
of hypoxemia yet avoiding supranormal oxygen exposure 
in this setting, acknowledging that not all patients might 
be harmed equally by hyperoxia.

Cerebral ischemia is a major cause of secondary brain 
injury after traumatic brain injury (TBI). Improving cer-
ebral oxygen delivery is therefore a major goal and is gen-
erally obtained by increasing cerebral perfusion pressure 

and treating brain swelling. Hyperoxia is also considered 
a therapeutic option to minimize tissue hypoxia in this 
setting. Studies indicate that hyperoxia increases regional 
brain oxygen tension (i.e., brain tissue oxygen monitor-
ing, PbtO2) [5]; this may theoretically enhance mitochon-
drial function that is disturbed following brain injury [6] 
and, therefore, oxygen metabolism. Hyperoxia may also 
facilitate oxygen diffusion into brain cells, even in cases 
of interstitial edema or microvascular impairment. Nev-
ertheless, the effects on oxygen delivery are minimal; as 
such, the role of hyperoxia in TBI patient remains debat-
able [7].

In situations of several cellular impairment (e.g., tis-
sue contusion or cellular swelling) with resulting mito-
chondrial damage, hyperoxia may be both ineffective 
and increase local inflammation [6]. Hyperoxia increases 
cerebral vasoconstriction and could potentially reduce 
tissue perfusion [8]. Prolonged hyperoxia may also be 
deleterious to other organs, in particular the lungs, and 
can increase peripheral vascular resistance [9], thereby 
increasing the risk of extra-cerebral complications.

To our knowledge, only one trial has specifically 
addressed the impact of normobaric hyperoxia on 
mechanically ventilated patients with septic shock [10]. 
This trial was stopped prematurely because of a signal 
to harm in the hyperoxia group (28  day mortality 43% 
vs 35%; p = 0.12). A post hoc analysis found the mor-
tality difference (57.4% vs. 44.3%, p = 0.054) was solely 
in those fulfilling the Sepsis-3 criteria for septic shock 
of vasopressor requirement and persisting hyperlac-
tatemia > 2 mmol/l [11]. Multivariate analysis revealed an 
independent association between hyperoxia and mortal-
ity both at days 28 and 90. In patients with normal lactate 
levels, there was no impact of hyperoxia on mortality nor 
other outcomes.

A meta-analysis in acute brain-injured patients found 
that hyperoxia was associated with an increased risk 
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of poor neurological outcome [12]. Considering the 
uncertainty regarding the level of oxygen that should be 
applied to TBI patients, the study of Rezoagli et al. pub-
lished in this issue of Intensive Care Medicine [13] has 
added some relevant insights. This trial was a sub-study 
of two multicenter, prospective, observational, cohort 
studies totaling 1243 TBI patients performed in Europe 
and Australia. High values of arterial blood oxygen were 
independently associated with 6-month mortality in the 
CENTER-TBI cohort; another important result was that 
the severity of brain injury did not influence the relation-
ship between hyperoxia and mortality; more than 50% 
of patients were exposed to hyperoxia, defined as PaO2 
levels > 120 mmHg, indicating that this event is quite fre-
quent in TBI patients across centers. The authors also 
report that the average daily swing of FiO2 correlated 
with the mortality rate.

These findings are clinically significant. The variability 
in oxygen management could be explained by the absence 
of consensus in the current literature to define hyperoxia. 
The PaO2 threshold used in this study is in line with the 
latest guidelines from the European Society of Intensive 
Care Medicine (ESICM) which proposed, with a low level 
of evidence, to avoid values > 120 mmHg [14]. Setting this 
limit may be useful for the attending intensive care unit 
(ICU) physician to avoid potential harm to TBI patients. 
Titrating oxygen delivery by tissue monitoring (i.e., brain 
oxygen partial pressure or saturation) could be consid-
ered, but more data are needed to validate this approach.

Some limitations deserve comment. The population of 
TBI patients in this study was highly heterogenous. In 
particular, a sub-group of patients had brain tissue oxy-
gen monitoring; it was recently suggested that elevat-
ing PaO2 above 120  mmHg in patients with low PbtO2 
could be a valuable approach [14]. The results were not 
fully validated in the external OzENTER cohort, prob-
ably because the sample size was too small (n = 149). 
Second, the authors provided PaO2 values only over the 
first week of ICU stay and the number of available PaO2 
measurements was relatively low. This precludes a more 
advanced analysis of oxygen exposure and the assessment 
of potential late oxygen toxicity in this population. Third, 
there was no information on withdrawal of care practices 
nor in-hospital complications, that would be unrelated 
to oxygen exposure but still relevant to overall mortal-
ity. Finally, only a few patients had very high mean PaO2 
values (i.e. > 200 mmHg); as outliers, this may have biased 
the association between PaO2 and outcome.

Oxygen should be considered as a drug that is used 
almost ubiquitously in ICU patients but should be care-
fully titrated to a prescribed target. In particular, hyper-
oxia may cause harm. Currently, there is no evidence to 
support the use of hyperoxia in ICU patients with severe 

TBI. Avoiding high FiO2, other than for controlling 
hypoxemia, should be considered in all patients.
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