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  Abstract 
 
Background: Supplemental oxygen has been using in clinical practice for a long time, but there are still many questions re-
garding to its pitfalls and advantages. On the one hand, high fraction of inspired oxygen speeds up gas resorption behind 
closed airways and promotes atelectasis formation and pulmonary shunt.  Hyperoxia may cause vasoconstriction, thereby 
compromising perfusion and hence, actual oxygen delivery. Hyperoxia may increase oxidative stress by boosting the produc-
tion of reactive oxygen species, consequently aggravating ischemia-reperfusion injury. On the other hand, the vasoconstrictive 
stimulus of short-term exposure to hyperoxia before sustained ischemia may act as a preconditioner, with attenuation of is-
chemia-reperfusion injury. Hyperoxia induced vasoconstriction may counteract systemic inflammation induced vasoplegia and 
reduce vasopressor requirements. Hyperoxia may reduce gas microemboli by denitrogenation. Consequently, arterial oxygen 
tension is kept mainly at supraphysiologic level, especially during operations and cardio-pulmonary bypass.  
Aim: The aim of the present review is to update information about optimal oxygen concentration and oxemia level. Oxygen 
is a crucial element in perioperative management of cardiac surgery patients. It’s obligatory to determine whether the changes 
accompanied with supraphysiologic level of oxygen are benign or they translate into a worsening of clinical outcomes.  
Methods: Major databases were systematically searched for clinical trials comparing oxygenation strategies for adult cardiac 
surgery.  
Results: There is a trend towards lower PaO2 targets in the most recent RCTs that may be indicative of a change in clinical 
practice towards more conservative oxygenation strategies. Although the optimal intraoperative oxygenation strategy remains 
uncertain, the results of recents clinical trials indicate that moderate hyperoxia does not worsen clinical outcome after cardiac 
surgery 
Conclusions: Mild to moderate hyperoxia may be successfully used in cardiac surgery. The correct timing of applying su-
praphysiologic level of oxygen might be the key to reliably defeat patients from hypoxia and avoid hyperoxia induced undesir-
able consequences. (TCM-GMJ June 2024; 9 (1):P62-P66)  
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  Introduction 
n cardiac surgery high concentrations of oxygen 
are routinely administered, with the intention of 
preventing cellular hypoxia. Oxygen delivery to 
the tissues is threatened during bypass due to 

increased microcirculatory heterogeneity. The augmented 
oxygen diffusion distance may impair oxygen delivery and 
organ function. Other factors that may reduce oxygen de-
livery to tissues include: hypothermia; fluid shift; myocar-

I 
dial dysfunction; blood loss; anemia; and transfusion.(1) 
With this in mind, it may be intuitively correct to maintain 
PaO2 clearly above physiological values (mostly defined as 
75-100 mmHg), to increase the oxygen gradient between 
capillaries and tissue and reduce the risk of cellular hypox-
ia. Compared with normoxic strategies, the impact of hy-
peroxia on postoperative organ dysfunction, length of 
stay and mortality in adult cardiac surgery patients appears 
to have been minimal, though the evidence base is highly 
heterogeneous with marked variability in study design and 
is also at risk of bias.(2) The level of oxygen that patients 
should be exposed to during cardiac surgery is an im-
portant clinical question that has been asked by investiga-
tors for over two decades. What makes this question so 
intriguing is the simplicity of the intervention, the com-
plexity of its multisystem effects, and the potential to 
make a real difference to clinically important outcomes. 
The RCTs studying the impact of hyperoxia during adult 
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cardiac surgery were heterogenous in design, particularly in 
two key areas: the timeline over which the oxygenation 
strategy being studied was employed and the degree of 
hyperoxia or normoxia participants were exposed to. Ad-
ditionally, some trials subjected participants to a constant 
FiO2 whereas others adjusted FiO2 to meet a PaO2 target. 
There is no universal consensus on what represents a truly 
hyperoxic PaO2 during cardiac surgery.  

The aim of the present review is to update information 
about optimal oxygen concentration and oxemia level. 
Oxygen is a crucial element in perioperative management 
of cardiac surgery patients. It’s obligatory to determine 
whether the changes accompanied with supraphysiologic 
level of oxygen are benign or they translate into a worsen-
ing of clinical outcomes.  

 

Methods 
Major databases were systematically searched for clinical 

trials comparing oxygenation strategies for adult cardiac 
surgery.  

 

Results and discussion 
PaO2 targets were so disparate across studies that the 

normoxic targets in some trials were higher than the hy-
peroxic targets in others. There are also major differences 
between trials as to the timing of when the impact of hy-
peroxia is examined, with some focusing on CPB only, 
whereas others have looked at oxygenation strategies start-
ing from the time of anesthetic induction to throughout 
postoperative ICU care. The absence of a standard defini-
tion of hyperoxia in cardiac surgery makes it difficult to 
draw any solid conclusions from existing trials. There is no 
agreement in the literature as to what conditions should be 
considered normoxic or hyperoxic during cardiac surgery. 
The differences in outcomes between the groups were 
found in previous trials that used high targets of hyperoxia 
(≥ 300 mmHg). There is a trend towards lower PaO2 tar-
gets in the most recent RCTs that may be indicative of a 
change in clinical practice towards more conservative oxy-
genation strategies. This trend is based on evidence from 
the myocardial infarction and cardiac arrest literature sug-
gesting that high oxygen levels during reperfusion after 
ischemia may have deleterious effects.(3),(4). When com-
paring moderate, near-physiologic level of hyperoxemia 
with normoxemia, there are no significant differences be-
tween the groups. The last two trials in the Table 1 are the 
RCTs of later period, that have attempted to demonstrate 
that avoidance of hyperoxia during cardiac surgery reduces 
ischemia-reperfusion injury and leads to improved clinical 
outcomes.(5),(6). McGuinness and colleagues randomized 
298 elective cardiac surgery patients to either avoidance of 
intraoperative hyperoxia (with a PaO2 target of 75-90 
mmHg) or to usual care under hyperoxic (mean, 178 
mmHg) conditions. They found no difference between 
groups for the primary outcome of postoperative acute 
kidney injury, or any of the secondary outcomes. Smit and 
colleagues randomized 50 elective coronary artery bypass 
graft surgery patients to either a PaO2 target of 130 to 150 
mmHg on CPB (and 80-100 mmHg in the immediate 

postoperative period) or a target of 200 to 220 mmHg on 
CPB (and 130-150 mmHg postoperatively). The conserva-
tive oxygen strategy did not offer any benefit with respect 
to the primary outcome of myocardial injury (defined by 
suitable CK-MB and Troponin-T thresholds).  

Until there is definitive evidence to suggest otherwise, 
hyperoxia during cardiac surgery should be considered a 
standard of care.(7) The morbidity and mortality associat-
ed with cardiac surgery using cardiopulmonary bypass re-
mains high despite advances in surgical technique and an-
esthetic management. Much of this morbidity can be at-
tributed to tissue malperfusion and hypoxia in the periop-
erative period.(8) CPB-related microcirculatory heteroge-
neity, cardiac dysfunction, hypothermia, fluid shifts, and 
allogeneic blood transfusion all contribute to impaired 
tissue oxygenation. Dissolved oxygen may be of particular 
benefit in this setting, where patients often are hemodilut-
ed and a high level of PaO2 can increase delivery of this 
dissolved component. The increased PaO2 is also thought 
to impart an increased oxygen reserve, providing a buffer 
in the event of significant interruption of ventilation or 
profound hemodynamic instability. Targeting supra-
physiologic oxygenation during cardiac surgery is an effec-
tive strategy to guard against hypoxia, the deleterious ef-
fects of which are well established. Hyperoxia has multiple 
direct effects on the cardiovascular system that are advan-
tageous during cardiac surgery. Hyperoxia induces vaso-
constriction.(1) This results in an increase in systemic vas-
cular resistance (SVR) that may help counter the problem 
of CPB-associated vasoplegia.(9) High arterial oxygen lev-
els may also decrease heart rate, which is often desirable in 
patients with at-risk myocardium.(9) Although a reduction 
in cardiac stroke index has been reported with hyperoxia, 
there is good evidence that this effect is secondary to an 
increase in SVR alone and is not indicative of specific my-
ocardial depression.(10) Hyperoxia also causes vasocon-
striction at the level of the coronary arteries.(11) Physio-
logic autoregulation influences coronary arteriolar tone to 
match myocardial oxygen demand with blood oxygen de-
livery.(12) Vasoconstriction is an expected physiological 
response to the increased blood oxygen content under 
hyperoxic conditions and works to maintain appropriate 
oxygen delivery to match metabolic demands. 

During the reperfusion phase of CPB, after the aortic 
cross-clamp has been removed and coronary perfusion 
reinitiated, the myocardium is particularly vulnerable to 
ROS-mediated damage, a phenomenon known as ischemia
-reperfusion injury. In order for a reperfusion injury to 
occur, it must be preceded by a period of ischemia. If hy-
peroxia during CPB increases oxygen delivery to tissues 
and diminishes the ischemic insult, then the impact of 
reperfusion may be negated. Stated another way, there can 
be no reperfusion injury if there is no ischemia to begin 
with.(7) 

Gaseous microemboli generated during cardiac surgery 
are a significant cause of end-organ injury. Increased num-
bers of microemboli have been shown to be associated 
with both postoperative acute kidney injury and cognitive 
dysfunction.(13),(14) The mechanism by which systemic 
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hyperoxia has the potential to reduce the number of mi-
croemboli in circulation is via enhanced denitrogenation. 
For example, emboli containing an air mix of 80% nitro-
gen have a lifespan about 10 times longer than those con-
taining 100% oxygen. (15) 

A neuroprotective effect from cerebral preconditioning 
with hyperbaric hyperoxia was demonstrated in humans 
during on-pump CABG surgery in a randomized con-
trolled trial by Alex and colleagues.(16) The benefit of in-
traoperative hyperoxia during cardiac surgery is becoming 
more apparent as cerebral oximetry monitoring with near-
infrared spectroscopy becomes more prevalent. There is a 
growing body of evidence linking cerebral desaturation 
events during cardiac surgery to increased adverse out-
comes, including cognitive decline and increased length of 
hospital stay.(17) Of particular concern is that these events 
may be occurring even when peripheral oxygen saturation 
is within a range that conventionally is expected to provide 
adequate tissue oxygenation.(18) Early interventional stud-
ies aimed at improving clinical outcomes by reducing the 
length and magnitude of cerebral desaturation show prom-
ise. Murkin and colleagues randomized 200 CABG pa-
tients to either intraoperative cerebral oximetry monitoring 
with an intervention protocol for cerebral desaturation 
below 75% of baseline or standard care blinded to cerebral 
oximetry data.(19) Patients treated according to the cere-
bral desaturation protocol had significantly less major or-
gan morbidity and mortality than patients in the standard 
care group. Increasing the FiO2 and consequent PaO2 was 
an established part of the protocol for treating desatura-
tions in this study. 

Patients undergoing cardiac surgery are at significant risk 
of postoperative pulmonary complications, and these com-
plications may increase morbidity and mortality and lead 
to prolonged intensive care unit and hospital length of 
stay.(20) The incidence of postoperative pulmonary com-
plications is increased in patients with intrinsic respiratory 
disease, asthma, chronic obstructive pulmonary disease 
(COPD) and heavy smokers.(21) pulmonary complications 
manifest early as hypoxemia, pneumonia, acute respiratory 
distress syndrome, and tracheal re-intubation.(22) Adverse 
neurological outcomes, such as delirium, stroke, and sei-
zure, are frequent as well.(23) There is current debate con-
cerning the link between hyperoxia during cardiac surgery 
and non-cardiovascular outcomes. Osama Abou-Arab and 
colleagues performed a post hoc analysis of the Impact of 
Hyperoxia During Cardiopulmonary Bypass to assess 
postoperative pulmonary and neurological outcomes dur-
ing the first 15 postoperative days.(24) The CARDIOX 
study was a bicentric randomized study assessing two lev-
els of oxygenation (standard care with PaO2 <150 mmHg 
vs interventional care with FIO2 1.0) during CPB. Hy-
peroxia during CPB did not increase neurological 
(delirium, seizure, or stroke) or pulmonary complications 
(postoperative pneumonia or tracheal re-intubation). The 
authors concluded, that because oxygen delivery is funda-
mental for positive clinical outcomes, physicians should 
not be afraid of using supraphysiological concentrations of 
oxygen. In their retrospective cohort study Kempton and 

colleagues demonstrated a significant trend between aver-
age intraoperative PaO2 and perioperative CVA 
(Cerebrovascular accidents), with CVA risk declining with 
increasing PaO2. Higher PaO2 was not demonstrated to be 
associated with increased risk of post-operative adverse 
outcomes including pneumonia, prolonged ventilation, 
perioperative myocardial infarction or cardiac arrest, ster-
nal wound infection, sepsis or renal failure.(25). The recent 
randomized trial tested the primary hypothesis that in-
traoperative normoxia, as compared to hyperoxia, reduces 
postoperative cognitive dysfunction in older patients hav-
ing cardiac surgery.(26) In this RCT, intraoperative 
normoxia did not reduce postoperative cognitive dysfunc-
tion when compared to intraoperative hyperoxia in older 
patients having cardiac surgery. Although the optimal in-
traoperative oxygenation strategy remains uncertain, the 
results indicate that intraoperative hyperoxia does not 
worsen postoperative cognition after cardiac surgery. 

Unlike in patients undergoing on-pump coronary artery 
bypass grafting, hemodynamic instability is very common 
in patients undergoing off-pump coronary artery bypass 
grafting (OPCABG) because the beating heart with con-
siderable coronary artery disease is lifted, rotated, and fix-
ated during surgery.(27)  Supra-physiologic level of PaO2 
may offset the reduced oxygen delivery (DO2) during OP-
CABG. Frequent and sustained displacement and restraint 
of the heart during OPCABG may further necessitate ade-
quate oxygen therapy. PaO2 has been of less interest be-
cause its theoretical contribution to DO2 and arterial oxy-
gen content (CaO2) is limited according to the following 
equation: DO2 = CO × CaO2 = CO × (1.34 × Hb × SaO2 
+ 0.0034 × PaO2.(28) Jae‑Woo Ju and colleagues hypothe-
sized that a mild supra-physiologic level of oxygen tension 
(mild hyperoxia) would improve post- operative mortality 
in patients undergoing OPCABG.(29) The authors investi-
gated the relationship between intraoperative oxygen ten-
sion and mortality after OPCABG. A mildly hyperoxic 
level of intraoperative arterial oxygen tension was associat-
ed with improved outcomes after OPCABG when com-
pared to normoxic, near-normoxic, and severely hyperoxic 
levels. Patients with intraoperative time-weighted average 
PaO2 levels between 150 mmHg and 250 mmHg had a 
significantly lower risk of in-hospital mortality than those 
with PaO2 < 150 mmHg and PaO2 > 250 mmHg. It was 
demonstrated that postoperative mortality may differ ac-
cording to intraoperative PaO2 strata given similar Hb 
concentrations and cardiac output (CO). Dissolved oxygen 
(or PaO2) may contribute to DO2 more than expected in 
real-world practice. CO levels were comparable between 
the normoxia/near-normoxia and mild hyperoxia groups, 
whereas the CO level in the severe hyperoxia group (PaO2 
> 250 mmHg) was lower than that in the other groups. 
These findings are concordant with previously mentioned 
RCT(6), that mild hyperoxia (PaO2 of 150–250 mmHg) 
increased SvO2 without a decrease in CO. Recently, Nam 
and colleagues published the multicenter, cluster-
randomized trial (CARROT) that tested the effects of a 
high FiO2 on clinical outcomes in patients undergoing 
OPCABG.(30) The authors compared clinical outcomes 
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and hemodynamic parameters between patients who re-
ceived 80% and 30% oxygen during OPCABG. Intraoper-
ative administration of 80% oxygen or 30% oxygen did 
not affect hospital LOS after OPCABG. The incidence of 
postop AKI was significantly higher in the FiO2 0.3 group 
than in the FiO2 0.8 group (30.7% vs 19.4%; P = 0.036). 
The FiO2 0.8 group also had a significantly greater average 
cerebral regional SO2 than the FiO2 0.3 group (56% vs 
52%; P = 0.002). Intraoperative SvO2 was significantly 
higher in the FiO2 0.8 group (74% vs 64%; P < 0.001. the 
authors concluded, that DO2, interrogated by SvO2, may 
increase to a clinically significant degree as FiO2 is in-
creased during cardiac surgery, and the increase of SvO2 is 
not related to Hb concentration. Although it failed to re-
duce hospital LOS, an intraoperative FiO2 of 0.8 provided 
tissue oxygenation with superior hemodynamics without 
any worse outcome related to hyperoxia. 

Our research article about the effect of FiO2 on pulmo-
nary gas exchange during OPCABG has been recently 
published in the journal “Georgian medical news”.(31) 
The aim of our study was to assess PaO2/FiO2 ratio, P(a-
Et)CO2 gradient and PEtCO2/PaCO2 ratio changing while 
ventilating patients with different FiO2 during off-pump 
coronary artery grafting operations. We tried to answer the 
question, how higher FiO2 could worsen pulmonary gas 
exchange during OPCABG and if it might have a signifi-
cant effect on the outcomes such as hemodynamic and 
laboratory data, duration of postoperative mechanical ven-
tilation and ICU length of stay. We found, that FiO2 0.8 
was associated with more derangements of pulmonary gas 
exchange compared with FiO2 0.5 in patients undergoing 
sevoflurane anesthesia during OPCABG. The patients 
ventilated with FiO2 0.8 had more P(a-Et)CO2 gradient, 
less PEtCO2/PaCO2 ratio and less PaO2/FiO2 ratio at the 
end of OPCABG operations compared with the patients 
ventilated with FiO2 0.5. Although FiO2 did not have an 
impact on the outcomes we studied, using FiO2 0.5 seems 
to be safer in patients undergoing OPCABG.   

Recently has been published study protocol of ongoing 
randomized controlled international multicenter observer-
blinded trials that prospectively evaluates the influence of 
higher inspired oxygen fractions on early postoperative 
respiratory and oxygenation outcomes in cardiac surgery 
patients using cardiopulmonary bypass.(32) There is also 
another randomized clinical trial not finished yet: “The 
Risk of Oxygen during Cardiac Surgery (ROCS) trial”.(33) 
The investigators randomized 200 elective cardiac surgery 
patients to receive physiologic or hyper-oxygenation dur-
ing surgery to test the hypothesis that intraoperative physi-
ologic oxygenation decreases the generation of reactive 
oxygen species, oxidative damage, and postoperative organ 
injury compared to hyper-oxygenation. The results of 
these clinical studies will greatly contribute to finding an-
swers to important questions about the use of oxygen in 
cardiac surgery.  
 

Conclusion 
Supra-physiologic level of PaO2 may be successfully 

used in cardiac surgery.  Avoidance of mild to moderate 

hyperoxia in cardiac surgery is not translated into im-
proved clinical outcomes. If such level of PaO2 is achieva-
ble with moderate FiO2, then there will be no need of us-
ing higher FiO2 during operations to avoid sequential 
pathophysiologic pulmonary changes accompanied with 
high inhaled oxygen concentration. 

Avoidance of hyperoxia is likely to be of most benefit 
during the reperfusion phase after resumption of pulsatile 
flow to ischemic tissue beds. On the other hand, use of 
hyperoxia during periods of poor tissue perfusion might 
be beneficial compared with normoxia. Thus, future trials 
could target hyperoxia in the pre-bypass period and while 
on CPB to limit ischemia and then target normoxia during 
reperfusion to reduce exacerbation of subsequent ROS-
mediated reperfusion injury.  

 

Referencs 
1. Spoelstra-De Man AME, Smit B, Oudemans-Van Straaten HM, Smulders 

YM. Cardiovascular effects of hyperoxia during and after cardiac surgery. Vol. 
70, Anaesthesia. Blackwell Publishing Ltd; 2015. p. 1307–19.  

2. Heinrichs J, Lodewyks C, Neilson C, Abou-Setta A, Grocott HP. The impact 
of hyperoxia on outcomes after cardiac surgery: a systematic review and nar-
rative synthesis. Vol. 65, Canadian Journal of Anesthesia. Springer New York 
LLC; 2018. p. 923–35.  

3. Wang CH, Chang WT, Huang CH, Tsai MS, Yu PH, Wang AY, et al. The 
effect of hyperoxia on survival following adult cardiac arrest: A systematic 
review and meta-analysis of observational studies [Internet]. Vol. 85, Resusci-
tation. Resuscitation; 2014 [cited 2023 Dec 4]. p. 1142–8. Available from: 
https://pubmed.ncbi.nlm.nih.gov/24892265/ 

4. Stub D, Smith K, Bernard S, Nehme Z, Stephenson M, Bray JE, et al. Air 
versus oxygen in ST-segment-elevation myocardial infarction. Circulation. 
2015; 

5. McGuinness SP, Parke RL, Drummond K, Willcox T, Bailey M. A multicen-
ter, randomized, controlled Phase IIb trial of avoidance of hyperoxemia dur-
ing cardiopulmonary bypass. Anesthesiology [Internet]. 2016 Sep 1 [cited 
2023 Aug 31];125(3):465–73. Available from: https://
pubmed.ncbi.nlm.nih.gov/27404222/ 

6. Smit B, Smulders YM, de Waard MC, Boer C, Vonk ABA, Veerhoek D, et al. 
Moderate hyperoxic versus near-physiological oxygen targets during and after 
coronary artery bypass surgery: A randomised controlled trial. Crit Care. 2016;  

7. Heinrichs J, Grocott HP. Pro: Hyperoxia Should Be Used During Cardiac 
Surgery. Vol. 33, Journal of Cardiothoracic and Vascular Anesthesia. W.B. 
Saunders; 2019. p. 2070–4.  

8. Wang D, Ding X, Su Y, Yang P, Du X, Sun M, et al. Incidence, Risk Factors, 
and Outcomes of Severe Hypoxemia After Cardiac Surgery. Front Cardiovasc 
Med. 2022 Jun 28;9:934533.  

9. Thomson AJ, Drummond GB, Waring WS, Webb DJ, Maxwell SRJ. Effects 
of short-term isocapnic hyperoxia and hypoxia on cardiovascular function. J 
Appl Physiol [Internet]. 2006 [cited 2023 Oct 26];101(3):809–16. Available 
from: https://journals.physiology.org/doi/10.1152/japplphysiol.01185.2005 

10.Anderson KJ, Harten JM, Booth MG, Berry C, McConnachie A, Rankin AC, 
et al. The cardiovascular effects of normobaric hyperoxia in patients with 
heart rate fixed by permanent pacemaker. Anaesthesia [Internet]. 2010 Feb 
[cited 2022 Jan 27];65(2):167–71. Available from: https://
pubmed.ncbi.nlm.nih.gov/20003116/ 

11.Farquhar H, Weatherall M, Wijesinghe M, Perrin K, Ranchord A, Simmonds 
M, et al. Systematic review of studies of the effect of hyperoxia on coronary 
blood flow. Vol. 158, American Heart Journal. Mosby; 2009. p. 371–7.  

12.Feliciano L, Henning RJ, Henning RJ, Haley JA. Coronary artery blood how: 
Physiologic and pathophysiologic regulation. Clin Cardiol [Internet]. 1999 
Dec 1 [cited 2023 Oct 26];22(12):775–86. Available from: https://
onlinelibrary.wiley.com/doi/full/10.1002/clc.4960221205 

13.Pugsley W, Klinger L, Paschalis C, Treasure T, Harrison M, Newman S. The 
impact of microemboli during cardiopulmonary bypass on neuropsychological 
functioning. Stroke. 1994;25(7):1393–9.  

14.Sreeram GM, Grocott HP, White WD, Newman MF, Stafford-Smith M. 
Transcranial Doppler emboli count predicts rise in creatinine after coronary 
artery bypass graft surgery. J Cardiothorac Vasc Anesth. 2004 Oct 1;18(5):548
–51.  

15.Young RW. Hyperoxia: A review of the risks and benefits in adult cardiac 
surgery. J Extra Corpor Technol [Internet]. 2012 Dec [cited 2022 Jan 27];44
(4):241–9. Available from: /pmc/articles/PMC4557568/ 

16.Alex J, Laden G, Cale ARJ, Bennett S, Flowers K, Madden L, et al. Pretreat-
ment with hyperbaric oxygen and its effect on neuropsychometric dysfunc-
tion and systemic inflammatory response after cardiopulmonary bypass: A 



 66 

  TCM&GMJ,  June 2024                                                                                                                                                                                          Begashvili et  al .                                                                                                          

prospective randomized double-blind trial. J Thorac Cardiovasc Surg. 2005 
Dec 1;130(6):1623–30.  

17.Slater JP, Guarino T, Stack J, Vinod K, Bustami RT, Brown JM, et al. Cere-
bral Oxygen Desaturation Predicts Cognitive Decline and Longer Hospital 
Stay After Cardiac Surgery. Ann Thorac Surg. 2009 Jan 1;87(1):36–45.  

18.Brinkman R, Amadeo RJJ, Funk DJ, Girling LG, Grocott HP, Mutch WAC. 
Cerebral oxygen desaturation during one-lung ventilation: Correlation with 
hemodynamic variables. Can J Anesth [Internet]. 2013 Jul 10 [cited 2023 Dec 
9];60(7):660–6. Available from: https://link.springer.com/article/10.1007/
s12630-013-9954-2 

19.Murkin JM, Adams SJ, Novick RJ, Quantz M, Bainbridge D, Iglesias I, et al. 
Monitoring brain oxygen saturation during coronary bypass surgery: A ran-
domized, prospective study. Anesth Analg [Internet]. 2007 Jan [cited 2023 
Apr 21];104(1):51–8. Available from: https://journals.lww.com/anesthesia-
analgesia/Fulltext/2007/01000/Monitoring_Brain_Oxygen_ Satura-
tion_During_Coronary.11.aspx 

20.Pasquina P, Merlani P, Granier JM, Ricou B. Continuous positive airway 
pressure versus noninvasive pressure support ventilation to treat atelectasis 
after cardiac surgery. Anesth Analg [Internet]. 2004 Oct [cited 2023 Dec 9];99
(4):1001–8. Available from: https://pubmed.ncbi.nlm.nih.gov/15385340/ 

21.Weissman C. Pulmonary complications after cardiac surgery. In: Seminars in 
Cardiothoracic and Vascular Anesthesia [Internet]. Semin Cardiothorac Vasc 
Anesth; 2004 [cited 2023 Dec 9]. p. 185–211. Available from: https://
pubmed.ncbi.nlm.nih.gov/15375480/ 

22.Zochios V, Collier T, Blaudszun G, Butchart A, Earwaker M, Jones N, et al. 
The effect of high-flow nasal oxygen on hospital length of stay in cardiac 
surgical patients at high risk for respiratory complications: a randomised 
controlled trial. Anaesthesia [Internet]. 2018 Dec 1 [cited 2023 Dec 9];73
(12):1478–88. Available from: https://onlinelibrary.wiley.com/doi/
full/10.1111/anae.14345 

23.Giménez-Milà M, Vuylsteke A. Oxygen, Cardiac Surgery, and Delirium. Vol. 
32, Journal of Cardiothoracic and Vascular Anesthesia. W.B. Saunders; 2018. 
p. 691.  

24.Abou-Arab O, Huette P, Guilbart M, Dupont H, Guinot PG. Hyperoxia 
during cardiopulmonary bypass does not increase respiratory or neurological 
complications: a post hoc analysis of the CARDIOX study [Internet]. Vol. 
125, British Journal of Anaesthesia. Elsevier Ltd; 2020 [cited 2023 Sep 28]. p. 
e400–1. Available from: http://www.bjanaesthesia.org/article/
S0007091220304918/fulltext 

25.Kempton H, Chong C, Vlok R, Melhuish T, Holyoak R, White L. Hyperoxe-
mia reduces cerebrovascular accidents post coronary artery bypass graft sur-
gery: a retrospective cohort study. J Emerg Crit Care Med [Internet]. 2020 

Apr 10 [cited 2023 Dec 10];4(0). Available from: https://
jeccm.amegroups.org/article/view/5603/html 

26.Shaefi S, Shankar P, Mueller AL, O’Gara BP, Spear K, Khabbaz KR, et al. 
Intraoperative oxygen concentration and neurocognition after cardiac surgery 
a randomized clinical trial [Internet]. Vol. 134, Anesthesiology. Anesthesiolo-
gy; 2021 [cited 2023 Dec 10]. p. 189–201. Available from: https://
pubmed.ncbi.nlm.nih.gov/33331902/ 

27.Verma S, Fedak PWM, Weisel RD, Szmitko PE, Badiwala M V., Bonneau D, 
et al. Off-Pump Coronary Artery Bypass Surgery: Fundamentals for the Clini-
cal Cardiologist [Internet]. Vol. 109, Circulation. Lippincott Williams & Wil-
kins; 2004 [cited 2023 Dec 9]. p. 1206–11. Available from: https://
www.ahajournals.org/doi/abs/10.1161/01.CIR.0000120292.65143.F5 

28.Shepherd SJ, Pearse RM. Role of central and mixed venous oxygen saturation 
measurement in perioperative care. Anesthesiology [Internet]. 2009 [cited 
2023 Oct 31];111(3):649–56. Available from: https://
pubmed.ncbi.nlm.nih.gov/19672190/ 

29.Ju JW, Choe HW, Bae J, Lee S, Cho YJ, Nam K, et al. Intraoperative mild 
hyperoxia may be associated with improved survival after off-pump coronary 
artery bypass grafting: a retrospective observational study. Perioper Med 
[Internet]. 2022 Dec [cited 2023 Apr 17];11(1):27. Available from: /pmc/
articles/PMC9295444/ 

30.Nam K, Nam JS, Kim H Bin, Chung J, Hwang IE, Ju JW, et al. Effects of 
intraoperative inspired oxygen fraction (FiO2 0.3 vs 0.8) on patients undergo-
ing off-pump coronary artery bypass grafting: the CARROT multicenter, 
cluster-randomized trial. Crit Care [Internet]. 2023 Dec 1 [cited 2023 Aug 
30];27(1):286. Available from: https://ccforum.biomedcentral.com/
articles/10.1186/s13054-023-04558-8 

31.Begashvili I, Kiladze M, Grigolia G. EFFECT OF INHALED OXYGEN 
CONCENTRATION ON PULMONARY GAS EXCHANGE DURING 
OFF-PUMP CORONARY BYPASS GRAFTING. Georgian Med News. 
2023 Jan 1;343(10):84–90.  

32.Song K, Wang S, Han J, Jiang L, Xu J, Akca O, et al. Intraoperative Fraction 
of Inspired Oxygen and Lung Injury in Coronary Artery Bypass Grafting: 
Study Protocol for a Randomised Controlled Trial. Turkish J Anaesthesiol 
Reanim [Internet]. 2023 Apr 1 [cited 2023 Dec 12];51(2):112–20. Available 
from: /pmc/articles/PMC10210611/ 

33.Lopez MG, Pretorius M, Shotwell MS, Deegan R, Eagle SS, Bennett JM, et al. 
The Risk of Oxygen during Cardiac Surgery (ROCS) trial: Study protocol for 
a randomized clinical trial. Trials [Internet]. 2017 Jun 26 [cited 2023 Dec 
13];18(1):1–11. Available from: https://trialsjournal.biomedcentral.com/
articles/10.1186/s13063-017-2021-5 


