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WHAT’S NEW IN INTENSIVE CARE

Oxygen toxicity in major emergency 
surgery—anything new?
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There is a liberal use of oxygen in anaesthesia and inten-
sive care. The rationale is to create high levels of oxygen 
tension in arterial blood that, together with satisfactory 
tissue perfusion, should prevent hypoxemic events at a 
cellular level. Patients undergoing major and emergency 
surgery are at particular risk of low tissue perfusion. 
Thus, hyperoxia may appear a reasonable thinking and 
has received support in guidelines by the World Health 
Organisation, WHO, with a recently published update 
after criticism of the initial document [1]. The updated 
version suggests to use 80% oxygen in intubated patients 
undergoing surgery and for some hours afterwards in an 
attempt to reduce postoperative surgical site infections. 
However, the criticism of the WHO guidelines remains 
as emphasised in a new editorial view by our group, 
where we conclude that “suggesting hyperoxia has very 
little scientific support and it may instead be erroneous 
and possibly harmful” [2].

The reason to argue against the WHO guidelines can 
be illustrated by two recent large studies that are not 
included in the WHO meta-analyses. Thus, one study 
based on a retrospective analysis of administrative data 
from almost 74,000 patients undergoing non-cardiotho-
racic surgery found an increased frequency of pulmonary 
complications with hyperoxia [3]. The other study had a 
prospective design with more than 5700 patients under-
going major abdominal surgery and found no benefit by 
hyperoxia for wound complications [4]. To these two 
80,000-patient studies can be added studies that found 
the risk of harm in abdominal surgery to involve signifi-
cantly increased long-term mortality [5], shorter time 

to cancer recurrence or death [6] and long-term risk of 
myocardial infarction [7].

Hyperoxia has a number of respiratory and cardiovas-
cular effects. High FIO2 can impede minute ventilation in 
the spontaneously breathing subject, worsen ventilation–
perfusion matching by countering hypoxic pulmonary 
vasoconstriction and shift the oxygen dissociation curve 
to the left (Haldane effect), all three mechanisms further 
lowering arterial oxygenation. Systemic vasoconstriction 
increases by 8% in connection with a 10% reduced cardiac 
output, when the inspiratory oxygen fraction is adjusted 
from 0.30 to 1.00 as investigated under general anaes-
thesia [8]. A study of coronary blood flow during elective 
coronary angiography has even measured a 20% reduced 
coronary artery blood flow, when patients breathed 100% 
O2 as compared to ambient air [9]. These findings are 
especially important to evaluate in future clinical trials, 
because many organ affections are silent, undetected 
and common in high-risk abdominal or emergency sur-
gery such as covert stroke, myocardial injury and acute 
kidney injury. Cardiovascular events are the most com-
mon and severe adverse postoperative events with myo-
cardial injury after non-cardiac surgery (MINS), affecting 
8% of patients with minor to major risks with almost 
10% 30-day mortality [10]. The numbers for extensive or 
emergency surgery are likely muck higher, and it is still 
not evaluated if the routine use of high oxygen concen-
trations comes with an indirect affection of these delete-
rious outcomes trough vasoconstriction or formation of 
direct oxygen toxicity (Table 1).

Hyperoxia will also promote atelectasis formation, by 
more rapid absorption of alveolar gas. This causes shunt 
of blood through non-ventilated lung, and the atelecta-
sis may also promote an inflammatory reaction in the 
lung [11]. It might be noticed that the major cause of 
atelectasis during surgery is the pre-oxygenation dur-
ing anaesthesia induction. Pre-oxygenation with 100% 

*Correspondence:  goran.hedenstierna@medsci.uu.se 
1 Department of Medical Sciences, Clinical Physiology, Hedenstierna 
Laboratory, University Hospital, 75185 Uppsala, Sweden
Full author information is available at the end of the article

http://orcid.org/0000-0002-2923-6012
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-019-05787-8&domain=pdf


1803

O2 is a safety procedure to prevent desaturation in the 
event of a difficult intubation of the airway and to avoid 
the pre-oxygenation is hardly recommendable. How-
ever, using 80% O2 during the pre-oxygenation instead 
of 100% reduces markedly not only atelectasis, but also 
apnea time [11]. It is possible by applying positive airway 
pressure to maintain FRC during and after induction of 
anaesthesia; so, 100% O2 can be used without causing any 
atelectasis [11].

It is well known that higher concentrations of oxygen 
promote production of reactive oxygen species (ROS) 
with free radicals that can harm tissue. Although excess 
ROS production at moderate levels of PaO2 during sur-
gery and in ICU are less described, the lungs are exposed 
to the highest oxygen concentrations and are, therefore, 
the primary targets of oxygen toxicity. 70% oxygen injures 
isolated rat lungs due to the production of ROS within 
1 h and lung injury can be detected in live mice breath-
ing 100% O2 within 24  h [12]. Breathing gas with high 
oxygen concentrations is used to produce an experimen-
tal model of acute respiratory distress syndrome, ARDS 
[13]. It has also been shown that stimulation of ROS by 
hyperoxia can transform normal cells to cancer cells [14]. 
In  vivo studies have also documented increased migra-
tion of human breast cancer adenocarcinoma cells, when 
exposed to 65% as compared to 25% O2 [15]. This, as well 

as findings of increased angiogenesis, provide a rationale 
to the hypothesis that hyperoxia may be involved in can-
cer recurrence, although the findings of shorter time to 
cancer recurrence among patients with localised cancer 
during hyperoxia exposure in the PROXI trial have not 
yet been replicated [2].

Increased mortality has been found with increasing 
arterial oxygen tension in intensive care patients. A ran-
domised study on low versus high arterial oxygen ten-
sion (median PaO2 87 vs. 102  mmHg) in mechanically 
ventilated patients with acute respiratory failure showed 
a much higher mortality in the high PaO2 group (44 vs. 
25%) [16]. Although this study was stopped early that 
decreased its power, the findings were similar in another 
observational cohort study in critically ill patients [17]. 
Thus, severe hyperoxia (PaO2 > 200  mmHg) was accom-
panied by higher mortality (17%) than normoxia or mild 
hyperoxia (PaO2 < 200 mmHg; 11%) [17]. In still another 
study, a higher number of ventilator-free days and 
decreased hospital mortality were seen in intensive care 
patients receiving conservative oxygen therapy, i.e., lower 
oxygen concentration [18]. Recent guidelines recom-
mend strongly against oxygen therapy in non-hypoxemic 
patients with cardiac ischemia or stroke [19], whereas 
less evidence is present for neurointensive care although 
observational studies suggest that very high PaO2 is 

Table 1  Organ affections related to oxygen toxicity

COPD chronic obstructive pulmonary disease, FiO2, inspiratory oxygen fraction, PONV postoperative nausea and vomiting, RR relative risk, STEMI ST-segment elevation 
myocardial infarction

Organ system Condition Comment

Central nervous system Dizziness, headache, visual impairment, 
retinopathy, neuropathy and convul-
sions

Dose-dependent toxicity of high O2 concentrations and prolonged exposure

Cardiovascular Cardiac output Decreased by 10%

Coronary blood flow Decreased by 20%

Systemic vasoconstriction Increased 8%

Myocardial injury and –reinfarction In STEMI: One RCT suggested association, but largest RCT with no association
Surgery: post hoc study of a RCT suggested association between hyperoxia and 

long-term risk of myocardial infarction

Lungs Oxygenation Primary indication: prevents and corrects hypoxaemia

Atelectasis Full evidence, dose-dependent atelectasis, primarily at FiO2 > 0.80

Lung injury Direct toxicity or second to inflammation and atelectasis

Pneumonia Not conclusive evidence

Hypercapnic respiratory failure Especially in patients with COPD, BMI ≥ 40 or chronic neuromuscular disease or 
restrictive lung disease

Gastrointestinal Surgical site infection No conclusive evidence in patients undergoing general or regional anaesthesia (RR 
0.89, 95% CI 0.73–1.07)

PONV No conclusive benefit

Cancer recurrence One post hoc study with link to hyperoxia in patients with localised cancer

General All-cause mortality at longest follow-up Significantly increased in critically ill (RR 1.10, 95% CI 1.00–1.20) not conclusive in 
surgery (RR 0.96, 95% CI 0.65–1.42)

Oxidative stress Increased formation of reactive oxygen species
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harmful in traumatic brain injury patients [20]. Guideline 
for acutely ill medical patients recommend stopping sup-
plemental oxygen therapy when SpO2 reaches 96% [19]. 
High-flow oxygen therapy can be ideal to reach such tar-
get in some hypoxic patients, but the delivered FIO2 and 
resulting PaO2 would presumable exert the same actions 
as in intubated patients. It should also be mentioned 
that most survivors of ARDS experience long-term neu-
ropsychological morbidity, and moderate hypoxemia was 
proposed to be a risk factor (median and interquartile 
PaO2 in those with symptoms 71 (67–80) mmHg vs those 
without 86 (70–98) mmHg; p = 0.02) in an observational 
study of 102 patients [21].

It is highly controversial that guidelines for prehospital 
care, emergency medicine, hospital wards, anaesthesia, 
and ICU are not aligned when patient with urgent sur-
gical conditions likely will be exposed to all guidelines 
within few hours [8]. It is also interesting that only few 
perioperative studies have focused on oxygen therapy 
in emergency surgery with less than 1000 patients ran-
domised so far [19].

So, in summary, there is nothing new regarding oxy-
gen toxicity and we shall continue to limit excessive use 
of the gas. Ongoing studies will clarify the extent of how 
the well-known toxicity may translate into clinical com-
plications. In the meantime, it could rather be that high 
oxygen concentrations and tensions, here called hyper-
oxia, may be more for the comfort of the emergency care 
provider, the anaesthetist and the intensivist than for the 
patient.

Author details
1 Department of Medical Sciences, Clinical Physiology, Hedenstierna Labora-
tory, University Hospital, 75185 Uppsala, Sweden. 2 Department of Anaesthesia 
and Intensive Care, Bispebjerg and Frederiksberg Hospital, Copenhagen, 
Denmark. 3 Department of Clinical Medicine, University of Copenhagen, 
Copenhagen, Denmark. 

Acknowledgements
Open access funding provided by Uppsala University.

Compliance with ethical standards

Conflicts of interest
The authors declare that they have no conflicts of interests.

Open Access
This article is distributed under the terms of the Creative Commons Attribu-
tion-NonCommercial 4.0 International License (http://creat​iveco​mmons​.org/
licen​ses/by-nc/4.0/), which permits any noncommercial use, distribution, and 
reproduction in any medium, provided you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons 
license, and indicate if changes were made.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 19 August 2019   Accepted: 11 September 2019
Published online: 10 October 2019

References
	1.	 de Jonge S, Egger M, Latif A et al (2019) Effectiveness of 80% vs 30–35% 

fraction of inspired oxygen in patients undergoing surgery: an updated 
systematic review and meta-analysis. Br J Anaesth 122(3):325–334. https​
://doi.org/10.1016/j.bja.2018.11.024

	2.	 Hedenstierna G, Meyhoff CS, Perchiazzi G et al (2019) Modification of the 
World Health Organization Global Guidelines for prevention of surgi-
cal site infection is needed. Anesthesiology 131(1):46–57. https​://doi.
org/10.1097/ALN.00000​00000​00284​8

	3.	 Staehr-Rye AK, Meyhoff CS, Scheffenbichler FT et al (2017) High intraop-
erative inspiratory oxygen fraction and risk of major respiratory complica-
tions. Br J Anaesth 119(1):140–149. https​://doi.org/10.1093/bja/aex12​8

	4.	 Kurz A, Kopyeva T, Suliman I et al (2018) Supplemental oxygen and 
surgical-site infections: an alternating intervention controlled trial. Br J 
Anaesth 120(1):117–126. https​://doi.org/10.1016/j.bja.2017.11.003

	5.	 Meyhoff CS, Wetterslev J, Jorgensen LN et al (2009) Effect of high 
perioperative oxygen fraction on surgical site infection and pulmonary 
complications after abdominal surgery: the PROXI randomized clinical 
trial. JAMA 302(14):1543–1550. https​://doi.org/10.1001/jama.2009.1452

	6.	 Meyhoff CS, Jorgensen LN, Wetterslev J et al (2014) Risk of new or 
recurrent cancer after a high perioperative inspiratory oxygen fraction 
during abdominal surgery. Br J Anaesth 113(Suppl 1):i74–i81. https​://doi.
org/10.1093/bja/aeu11​0

	7.	 Fonnes S, Gogenur I, Sondergaard ES et al (2016) Perioperative hyperoxia 
- Long-term impact on cardiovascular complications after abdominal 
surgery, a post hoc analysis of the PROXI trial. Int J Cardiol 215:238–243. 
https​://doi.org/10.1016/j.ijcar​d.2016.04.104

	8.	 Meyhoff CS (2019) Perioperative hyperoxia: why guidelines, research 
and clinical practice collide. Br J Anaesth 122(3):289–291. https​://doi.
org/10.1016/j.bja.2018.12.016

	9.	 McNulty PH, Robertson BJ, Tulli MA et al (2007) Effect of hyperoxia and 
vitamin C on coronary blood flow in patients with ischemic heart disease. 
J Appl Physiol (1985) 102(5):2040–2045. https​://doi.org/10.1152/jappl​
physi​ol.00595​.2006

	10.	 Devereaux PJ, Sessler DI (2015) Cardiac complications in patients under-
going major noncardiac surgery. N Engl J Med 373(23):2258–2269. https​
://doi.org/10.1056/NEJMr​a1502​824

	11.	 Hedenstierna G, Rothen HU (2012) Respiratory function during anes-
thesia: effects on gas exchange. Compr Physiol 2(1):69–96. https​://doi.
org/10.1002/cphy.c0801​11

	12.	 Smith LJ (1985) Hyperoxic lung injury: biochemical, cellular, and morpho-
logic characterization in the mouse. J Lab Clin Med 106(3):269–278

	13.	 Matute-Bello G, Frevert CW, Martin TR (2008) Animal models of acute 
lung injury. Am J Physiol Lung Cell Mol Physiol 295(3):L379–L399. https​://
doi.org/10.1152/ajplu​ng.00010​.2008

	14.	 Purohit V, Simeone DM, Lyssiotis CA (2019) Metabolic regulation of redox 
balance in cancer. Cancers (Basel). https​://doi.org/10.3390/cance​rs110​
70955​

	15.	 Ash SA, Valchev GI, Looney M et al (2014) Xenon decreases cell migration 
and secretion of a pro-angiogenesis factor in breast adenocarcinoma 
cells: comparison with sevoflurane. Br J Anaesth 113(Suppl 1):i14–i21. 
https​://doi.org/10.1093/bja/aeu19​1

	16.	 Girardis M, Busani S, Damiani E et al (2016) Effect of conservative vs con-
ventional oxygen therapy on mortality among patients in an intensive 
care unit: the oxygen-ICU randomized clinical trial. JAMA 316(15):1583–
1589. https​://doi.org/10.1001/jama.2016.11993​

	17.	 Helmerhorst HJ, Arts DL, Schultz MJ et al (2017) Metrics of arterial hyper-
oxia and associated outcomes in critical care. Crit Care Med 45(2):187–
195. https​://doi.org/10.1097/CCM.00000​00000​00208​4

	18.	 Helmerhorst HJ, Schultz MJ, van der Voort PH et al (2016) Effectiveness 
and clinical outcomes of a two-step implementation of conservative 
oxygenation targets in critically ill patients: a before and after trial. Crit 
Care Med 44(3):554–563. https​://doi.org/10.1097/CCM.00000​00000​00146​1

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.bja.2018.11.024
https://doi.org/10.1016/j.bja.2018.11.024
https://doi.org/10.1097/ALN.0000000000002848
https://doi.org/10.1097/ALN.0000000000002848
https://doi.org/10.1093/bja/aex128
https://doi.org/10.1016/j.bja.2017.11.003
https://doi.org/10.1001/jama.2009.1452
https://doi.org/10.1093/bja/aeu110
https://doi.org/10.1093/bja/aeu110
https://doi.org/10.1016/j.ijcard.2016.04.104
https://doi.org/10.1016/j.bja.2018.12.016
https://doi.org/10.1016/j.bja.2018.12.016
https://doi.org/10.1152/japplphysiol.00595.2006
https://doi.org/10.1152/japplphysiol.00595.2006
https://doi.org/10.1056/NEJMra1502824
https://doi.org/10.1056/NEJMra1502824
https://doi.org/10.1002/cphy.c080111
https://doi.org/10.1002/cphy.c080111
https://doi.org/10.1152/ajplung.00010.2008
https://doi.org/10.1152/ajplung.00010.2008
https://doi.org/10.3390/cancers11070955
https://doi.org/10.3390/cancers11070955
https://doi.org/10.1093/bja/aeu191
https://doi.org/10.1001/jama.2016.11993
https://doi.org/10.1097/CCM.0000000000002084
https://doi.org/10.1097/CCM.0000000000001461


1805

	19.	 Siemieniuk RAC, Chu DK, Kim LH et al (2018) Oxygen therapy for acutely 
ill medical patients: a clinical practice guideline. BMJ 363:k4169. https​://
doi.org/10.1136/bmj.k4169​

	20.	 Brenner M, Stein D, Hu P et al (2012) Association between early 
hyperoxia and worse outcomes after traumatic brain injury. Arch Surg 
147(11):1042–1046. https​://doi.org/10.1001/archs​urg.2012.1560

	21.	 Mikkelsen ME, Christie JD, Lanken PN et al (2012) The adult respiratory 
distress syndrome cognitive outcomes study: long-term neuropsycho-
logical function in survivors of acute lung injury. Am J Respir Crit Care 
Med 185(12):1307–1315. https​://doi.org/10.1164/rccm.20111​1-2025O​C

https://doi.org/10.1136/bmj.k4169
https://doi.org/10.1136/bmj.k4169
https://doi.org/10.1001/archsurg.2012.1560
https://doi.org/10.1164/rccm.201111-2025OC

	Oxygen toxicity in major emergency surgery—anything new?
	Acknowledgements
	References




