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Abstract
Use of extracorporeal membrane oxygenation (ECMO) is expanding, however it is still associated 

with significant morbidity and mortality. Activation of inflammatory and innate immune responses 

and hemostatic alterations contribute to complications. Hyperoxia may play a role in exacerbating 

these responses. Nine ex vivo ECMO circuits were tested using fresh healthy human whole 

blood, with two oxygen levels: 21% inspired fraction of oxygen (FiO2; mild hyperoxia; n=5) and 

100% FiO2 (severe hyperoxia; n=4). Serial blood samples were taken for analysis of platelet 

aggregometry, leukocyte activation, inflammatory and oxidative stress markers. ECMO resulted in 

reduced adenosine diphosphate- (p<0.05) and thrombin receptor activating peptide-induced 

(p<0.05) platelet aggregation, as well as increasing levels of the neutrophil activation marker, 

neutrophil elastase (p=0.013). Additionally, levels of the inflammatory chemokine interleukin-8 

were elevated (p<0.05) and the activity of superoxide dismutase, a marker of oxidative stress, 

was increased (p=0.002). Hyperoxia did not augment these responses, with no significant 

differences detected between mild and severe hyperoxia. Our ex vivo model of ECMO revealed 

that the circuit itself triggers a pro-inflammatory and oxidative stress response however exposure 

to supra-physiologic oxygen does not amplify that response. Extended-duration studies and 

inclusion of an endothelial component could be beneficial in characterizing longer-term changes.

KEYWORDS: extracorporeal membrane oxygenation, hyperoxia, inflammation, platelets

INTRODUCTION
Extracorporeal membrane oxygenation (ECMO) has become an invaluable tool in supporting 

patients with severe cardio-respiratory failure. However, despite technical improvements in circuit 

design and cannulation techniques, it remains a complex, high-risk intervention with significant 

morbidity and mortality.1 Generally, ECMO-associated complications can be separated into 

physiological causes (e.g. bleeding, hemolysis and infection) or those related to the ECMO 

device (e.g. circuit clotting, oxygenator or pump dysfunction, cannula issues).2  Surface 

modifications to improve hemocompatibility in extracorporeal circuits have focused on biomimetic 

(heparin, nitric oxide) and biopassive (phosphorylcholine, albumin) surfaces, as well as 

endothelialization of blood contacting surfaces.3, 4 Nonetheless, when a patient’s blood is exposed 

to the artificial surface of the circuit an inflammatory reaction is initiated and normal hemostasis is 

disrupted. The etiology of these hemostatic alterations is multifactorial, including consumption of 

clotting factors, hyperfibrinolysis, thrombocytopenia and platelet dysfunction.5 Moreover, current 

practice during ECMO often exposes patients to higher doses of oxygen (hyperoxia) in order to A
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avoid episodes of hypoxia. However, hyperoxia itself may play a role in dysregulating the 

coagulation pathways and immune responses seen in ECMO patients. A recent analysis of 

Extracorporeal Life Support Organization Registry data revealed that moderate hyperoxia (PaO2 

101-300 mmHg) was associated with increased mortality in both patients undergoing venovenous 

ECMO and extracorporeal cardiopulmonary resuscitation.6 

An increasing number of studies have shown prolonged oxygen oversupply may be 

associated with adverse outcomes across a wide variety of clinical scenarios, including cardiac 

arrest, traumatic brain injury, ECMO and the critically-ill ICU patient,6-9 although not all data is 

supportive.10, 11 A recent multi-center study in critically ill patients showed an association between 

hypoxemia and mortality, however, a dose-response relationship was not observed.12 These 

contradictory outcomes may reflect the varying criteria used to define hypoxemia, subgroup 

differences in patients or use of a single measure of arterial oxygen tension. Larger randomized 

control trials on oxygen supplementation are ongoing13 including MEGA-ROX, which plans to 

enroll 40, 000 ICU patients and the BLENDER trial in ECMO patients, to determine if a 

conservative oxygen strategy reduces ICU length of stay.14

Hyperoxia has many deleterious effects. In the lungs it can lead to interstitial fibrosis, 

atelectasis, tracheobronchitis, neutrophil infiltration and alveolar protein leakage.15, 16 

Systemically, it can decrease cardiac output and increase peripheral vascular resistance.17 

Hyperoxia also induces inflammatory changes, including altering the redox equilibrium by 

increasing reactive oxygen species (ROS) production, and may underlie the increased mortality 

seen among ECMO patients with hyperoxia.18 This can Increased generation of ROS can 

subsequently lead to a concomitant activation of neutrophils and platelets, leading to an 

exaggerated inflammatory and thrombotic cascade.19 Current guidelines for ECMO do not 

advocate oxygen targets or delivery and the impact of hyperoxia on inflammation during ECMO is 

not well characterized. 

The aim of the current study was to investigate the effect of different oxygen levels on the 

inflammatory and platelet response during ECMO and whether hyperoxia augments these 

responses. We hypothesized that, hyperoxia would further reduce platelet aggregation, activate 

leukocytes and increase inflammatory responses, including production of oxidative stress 

markers.

MATERIALS AND METHODS                                             

Experimental design and ECMO setup 
All experimental procedures were conducted with the approval of the Metro North Ethics 

Committee (HREC/17/QPCH/420) and The University of Queensland Human Ethics Research A
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Committee (2018000105). Written informed consent was obtained from all donors. Blood 

circulation loops were developed based upon ASTM F 1841-97 Standard Practice for the 

Assessment of Hemolysis in Continuous Flow Blood Pumps.20 Nine ex vivo ECMO circuits 

(Permanent Life Support System (PLS), Maquet CP, Rastatt, Germany) were utilized (Figure 1), 

consisting of a Quadrox D Oxygenator and ROTAFLOW centrifugal pump, both incorporated into 

a tubing set, with a tip-to-tip BIOLINE (albumin and heparin) coating. Donated healthy human 

whole blood units were collected into top-and-bottom bags with a built in filter, containing citrate 

phosphate dextrose (66.5 mL; Macopharma, Mouvaux, France). Hematocrit levels were adjusted 

to 30 ± 2% by dilution with phosphate buffered saline and the PLS system was primed with 0.9% 

sodium chloride (Baxter, Sydney, Australia). Blood was subsequently introduced into the circuit 

(total blood volume in the circuit, 450 ± 20 mL). Bladder reservoirs (3/8 inch, Medtronics, SA, 

Australia) were located prior to the pump to serve as an air bubble trap, as well as a volume 

buffer. Circulation commenced at 2000 rpm with temperature maintained at 37 °C ± 0.5 °C and 

CO2-enhanced fresh gas added. Heparin (0.89 IU/mL; Pfizer, NSW, Australia), calcium chloride 

(3.33 mg/mL; Phebra, NSW, Australia) and sodium bicarbonate (0.016 mmol/mL; Phebra) were 

then added to achieve a pH of between 7.3 and 7.5 and an activated clotting time (ACT) ≥ 200 s. 

Once flow had stabilized, a vice-grip clamp was used to adjust the blood flow rate to 4 L/min. Inlet 

and outlet pressures between the membrane oxygenator were monitored using a silicone-based 

pressure transducer (Omega Engineering, CT, USA) and maintained at 80 ± 40 mmHg. Circuit 

blood was then exposed to two oxygen levels: 21% inspired fraction of oxygen (FiO2; mild 

hyperoxia; n=5) and 100% FiO2 (severe hyperoxia; n=4). Calcium, glucose and pH levels were 

monitored and kept constant throughout the experiment and ACT was maintained ≥ 200 seconds.

Blood gas and sample collection
Whole blood was analyzed for electrolytes, glucose and pH using a handheld point-of-care 

system (Abbott i-STAT, Chicago, ILL, USA). Samples were collected at baseline, 1, 2, 4 and 6 

hours for full blood examination (FBE), flow cytometry, Multiplate® whole blood platelet 

aggregometry and inflammatory and ROS assays. A full blood examination was determined using 

the AcT diff™ hematology analyzer (Beckman Coulter Australia Pty Ltd, NSW, Australia) to 

assess the white cell count (WCC), hemoglobin (Hb) level and platelet number (PLT). ACT was 

measured in fresh whole blood using celite tubes with the Hemochron® 401 coagulation analyzer 

(Soma Technology, CT, USA). Samples for Luminex, ELISA and ROS assays were centrifuged 

twice (15 minutes, 4°C, 3000 x g) to obtain platelet-poor plasma and subsequently stored at -

80°C until further analysis.A
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Whole blood platelet function (Multiplate®)
Whole blood platelet aggregometry was measured by change in impedance, using the 

Multiplate® 5.0 - Platelet Function Analyzer (Haemoview Diagnostics, Brisbane, Australia). 

Hirudin-anticoagulated blood was tested using ristocetin (RISTO; 0.77 mg/mL), adenosine 

diphosphate (ADP; 6.5 µM) and thrombin receptor activating peptide-6 (TRAP-6; 32 µM) 

agonists. Data was expressed as the area under the aggregation curve (AUC).

Flow cytometry staining
Changes in the surface antigen expression of neutrophil, monocyte and platelet activation and 

adhesion markers was assessed via flow cytometry (see Supplemental methods for details). 

Briefly, whole blood samples were stained with mouse anti-human monoclonal antibodies (Becton 

Dickinson (BD) Biosciences, CA, USA) to identify CD41a+ platelets, CD45+CD11b+ neutrophils 

and CD45+CD14+ monocytes. For assessment of activation and adhesion surface expression, 

platelets were also stained with P-selectin and CD42b. Neutrophils were stained for C11b and 

CD16, and monocytes for HLA-DR. Prior to flow cytometric evaluation, erythrocytes were lysed 

with FACS lysing solution (10 min, RT, dark; BD Biosciences). Data was acquired on an 

LSRFortessa™ X-20 flow cytometer (BD Biosciences), and analyzed using FCS Express 6 

software (De Novo Software, CA, USA). Data was expressed as mean fluorescent intensity (MFI) 

for each marker. 

Inflammatory mediator measurements
Plasma specimens were assayed in duplicate using custom Luminex Magpix-based assays (R&D 

Systems, MN, USA), in accordance with manufacturer instructions. Analytes measured included 

P-selectin, platelet factor 4 (PF4), myeloperoxidase (MPO) and the inflammatory markers 

interleukin (IL)1β, IL6, IL8, IL10 and tumor necrosis factor-alpha (TNFα). Concentrations were 

calculated using a 5-parameter logistic standard curve, corrected for background readings. Assay 

sensitivities (minimum detectable concentrations; ng/mL) for each analyte were P-selectin: 0.21, 

PF4: 0.375, MPO: 0.11, IL1β: 0.02, IL6: 0.006, IL8: 0.004, IL10: 0.005 and TNFα: 0.009. In 

addition, the levels of neutrophil elastase (NE) and α-defensin-1 were measured using standard 

commercial (R&D Systems) enzyme-linked immunosorbent assays according to the 

manufacturer’s instructions.

Oxidative stress markers
Plasma levels of superoxide dismutase (SOD) (Cayman Chemical Company, MI, USA) and 

glutathione peroxidase (GPx) (abcam, Cambridge, UK) activities were determined using A
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commercially available kits. Plasma malondialdehyde (MDA) was quantified using high 

performance liquid chromatography (Chromsystems Instruments & Chemicals GmbH, BY, 

Germany).

Statistical analysis
Each data set’s distribution was assessed for normality by inspecting the corresponding 

histogram, pp-plot and using a Kolmogorov-Smirnov test. Two-way repeated-measures analysis 

of variance (RM-ANOVA) was used to compare differences between mild and severe hyperoxia 

over time for all normally distributed parameters. When simple main effects and/or any interaction 

between time and condition was significant, a Tukey’s post-hoc test was performed for multiple 

comparisons. For variables not normally distributed, Kruskal-Wallis tests were used to compare 

within each experimental group over time as well as Mann-Whitney tests to assess differences 

between mild and severe hyperoxia at a particular time point. All statistical analysis was 

performed using Statistica, version 13.5 (TIBCO Software Inc, Palo Alto, CA, USA). A p value ≤ 

0.05 was considered statistically significant.

RESULTS 
Mild and severe hyperoxia
Ex vivo ECMO models of hyperoxia were successfully established with an average partial 

pressure of oxygen (PaO2) of 138 ± 3.9 mmHg (mild hyperoxia) and 531 ± 12.7 mmHg (severe 

hyperoxia).

Full blood examination
Hematological profiles were examined at selected time points (Table 1). Baseline characteristics 

were similar between experimental groups. WCC, Hb and PLTs remained constant throughout 

the experiment, with no significant difference over time or between mild and severe hyperoxia. 

Changes to platelet function and activation with hyperoxia
ADP- and TRAP-induced platelet aggregation were both significantly decreased over time from 

baseline to 6 hours, with mild (p = 0.0004 and p = 0.0003, respectively) and severe hyperoxia (p 

= 0.0003 and p = 0.0001 respectively, Figure 2a). There was no significant difference between 

mild and severe hyperoxia at any individual time point. RISTO-induced platelet aggregation 

remained unchanged and there were no changes detected in the plasma levels of P-selectin or 

PF4 (Figure 2b) with either of the oxygen levels. Flow cytometry assessment revealed a trend for A
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reduced levels of CD42b, however no significant changes were detected in the MFI of P-selectin 

on platelets with either mild or severe hyperoxia (Figure 2c).

Inflammation, leukocytes and the effect of hyperoxia
The plasma concentration of NE, MPO and α-Defensin-1 was used to measure neutrophil 

activation (Figure 3a). Plasma NE levels were significantly increased from baseline to 6 hours 

with severe hyperoxia (p = 0.013) while there was a trend for increased levels of both NE and 

MPO with mild hyperoxia (p = 0.077 and p = 0.059 respectively). There were no significant 

differences between the two groups. Similarly there was no change in the levels of α-defensin-1 

over time or between mild and severe hyperoxia. The changes in surface antigen expression on 

the selected panel of leukocytes between mild and severe hyperoxia was minimal (Figure 3b). 

There was no change in the surface expression of CD11b or CD16 on neutrophils. A decrease in 

HLA-DR expression was observed on monocytes, independent of hyperoxia level. To assess the 

inflammatory response to hyperoxia, the levels of plasma cytokines and chemokines was 

measured. IL8 levels were significantly increased from baseline to 6 hours with mild (p = 0.005) 

and severe (p = 0.01) hyperoxia. There was a trend for increased levels of IL6, TNFα and IL1β 

(Figure 4), however, there was no significant difference between the two treatment groups. Levels 

of IL10 were below detectable limits.

Alterations in oxidative stress markers with hyperoxia
The plasma concentration of SOD, GPx and MDA were used as markers of oxidative stress 

(Figure 5). There was a significant increase in the levels of SOD enzyme from baseline to 6 hours 

with both mild and severe hyperoxia (p = 0.0002 and p = 0.002 respectively) and a potential 

plateau in enzyme levels with severe hyperoxia at 6 hours, however there was no difference 

between the two groups. MDA levels were significantly increased from baseline to 6 hours with 

mild hypoxia only (p = 0.008). Additionally, there was no change in GPx activity over time or 

between mild and severe hyperoxia.

DISCUSSION
We sought to investigate whether two levels of hyperoxia would exacerbate the platelet and 

inflammatory response already inherent in an ex vivo ECMO circuit. Our study demonstrated that 

the ECMO circuit altered ADP- and TRAP-induced platelet aggregation, neutrophil activation, IL8 

levels and oxidative stress markers. However, contrary to expectations, hyperoxia did not 

augment this response, with no significant difference detected between mild and severe 

hyperoxia in our model.A
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Platelets play a crucial role in managing vascular integrity and normal hemostasis. The 

impact of ECMO on platelet numbers is debatable. Some studies reveal ongoing consumption of 

platelets during ECMO,21 while others suggest thrombocytopenia is associated with the severity 

of illness and lower baseline platelet count, rather than ECMO support.22 Consistent with the 

latter studies, platelet numbers did not change over the course of our study. This may also be 

associated with improved hemocompatibility of the ECMO circuit, with the use of surface coatings 

reducing activation and adhesion.23 Although platelet number was unaffected by ECMO and 

hyperoxia, perturbations in platelet function were apparent. The impact of shear stress on platelet 

aggregation in ECMO is well documented24, 25 however, less is known about the effects of 

hyperoxia on platelet functionality. In our study ADP- and TRAP-induced platelet aggregation 

decreased over time with ECMO. Additionally, there was a trend for reduced levels of GP1bα 

(CD42b) receptors on platelets suggesting ECMO-induced receptor shedding and platelet 

activation. Severe hyperoxia had no additional impact over mild hyperoxia, implying these 

changes were due to ECMO-driven activation rather than oxygen exposure. The observed 

reduction is consistent with hemocompatibility and hemodynamic studies, showing reduced flow 

impacts platelet functionality, potentially associated with oxygenator design.26 Hyperoxic 

exposure in mice has been shown to activate platelets, leading to their sequestration in the 

lung.27 Both these events were induced by TNFα and mediated by platelet β2 integrin, with only 

small increases in the activation-dependent platelet surface marker P-selectin. In our study there 

was no change in receptor or plasma levels of P-selectin. P-selectin initiates leukocyte 

recruitment during inflammation and supports hemostasis through platelet-leukocyte 

interactions.28 Studies suggest that circulating soluble P-selectin shed from cell surfaces must 

dimerize to promote inflammation or coagulation.29 Platelet chemokine PF4 plasma levels also 

remained unchanged with ECMO and hyperoxia. Patients are often on ECMO for extended 

periods, and as our study was a short duration model, it is conceivable that these changes may 

develop with more prolonged exposure. 

The initiation of ECMO is associated with an immediate activation of both the 

inflammatory response and coagulation cascade, most likely as a consequence of blood 

exposure to the exogenous surface of the extracorporeal device.2 This response triggers the 

release of pro-inflammatory cytokines. Blood flow dynamics during ECMO, including increased 

flow and pump speed, may also augment the inflammatory response and neutrophil activation.30  

Other concurrent factors, including hyperoxia, contribute to increased ROS generation, activating 

mitogen-activated protein kinase (MAPK)s and nuclear factor-kappaB (NF- B) and upregulating 𝜅

TNFα, IL1β and IL6, thus promoting an overwhelming release of inflammatory mediators.31, 32 In 

our study, levels of the pro-inflammatory chemokine IL8 were elevated with ECMO, independent A
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of mild or severe hyperoxia. Additionally, there was a trend for increased levels of IL6, TNFα and 

IL1β. There was no further effect with oxygen exposure, signifying hyperoxia may not exacerbate 

the systemic inflammatory response in our ex vivo model. Supporting these observations, plasma 

levels of NE were elevated over time, independent of hyperoxia, and there was a trend for 

increased levels of MPO suggesting neutrophil activation and granule release. NE and MPO are 

abundant in neutrophils and are responsible for clearance of Gram-negative bacteria as well as 

mediating anti-microbial activities.33 Neutrophil-derived elastase release has been documented 

during ECMO, postulated to be the result of contact-activation between blood components and 

ECMO surfaces.34 High ECMO flow dynamics and the oxygenator may also be responsible for 

the increase in NE.30, 35 Similar to NE, neutrophil activation (characterized by surface antigen 

expression) did not differ between mild and severe oxygen exposure. These results concur with 

previous in vitro immunologic studies.36, 37 Kiers and colleagues further demonstrated that short-

term exposure, ≤ 3 hours, to hyperoxia (100% FiO2) does not modulate immunologic responses in 

mice or humans.38  A longer duration may be required to induce a hyperoxic effect similar to the 

changes observed in patients, however longer duration studies would only become 

physiologically relevant with the inclusion of a circuit comprising endothelial-like properties.

Oxidative stress disturbs the balance of oxidation and anti-oxidant molecules, resulting in 

disruption of redox signaling and/or molecular damage.39 Preclinical studies indicate ECMO can 

induce significant oxidative stress injury in the early stages.40, 41 Less clear, is whether the 

additional impact of hyperoxia augments oxidative stress. In our study, ECMO-induced changes 

in the anti-oxidant enzyme SOD were significant with increasing values, independent of mild or 

severe hyperoxia. The overall increase in activity over time is consistent with animal studies citing 

hyperoxia’s ability to induce a compensatory SOD-specific antioxidant response.42 The potential 

plateau in SOD activity at 6 hours with severe hyperoxia may represent enhanced 

decompensation of the SOD response with increasing ROS generation. Depleted SOD levels and 

activity in lung isolates exposed to 100% oxygen have been observed in preclinical studies after 

12 hours.43, 44. Interestingly, despite the changes in SOD, GPx activity remained unaffected over 

time, while MDA levels were increased with mild hyperoxia only. This may represent the inability 

of hyperoxia in our ex vivo model to produce ROS generation large enough to overwhelm 

homeostatic systems.

Limitations
This ex vivo model enabled us to systematically investigate the effects of ECMO and 

hyperoxia without the confounding effects of the patients underlying disease. However, our study 

has a number of limitations. First, the exclusion of physiological components inherent in our A
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model, including the absence of an endothelium and the lack of a critically ill patient has 

implications. The mechanism of ECMO-induced oxidative stress is a multifactorial process, in 

which the interaction between the immune response, the coagulation cascade, and endothelial 

cells amplifies ROS generation. Second, the study duration was limited to 6 hours, whereas in 

clinical practice ECMO serves as a much longer-term form of cardiopulmonary support. Third, 

there was no normoxia or hypoxia control. The efficiency of the oxygenator meant this was not 

possible without reducing the blender to the non-physiological FiO2 of <21%. Fourth, the small 

sample size may decrease the statistical power of the study.

CONCLUSION
Oxygen is a central intervention in many critical illnesses. Its safety however is 

increasingly being called into question, with studies showing hyperoxia is associated with adverse 

clinical outcomes. Our ex vivo model enabled us to demonstrate that while ECMO led to changes 

in platelet aggregation, neutrophil activation, IL-8 and SOD activity, hyperoxia did not augment 

this response. Future work would focus on animal studies or the potential tri-factor interaction 

between cellular components, oxygen and the endothelium to encapsulate these physiological 

processes. Improving the hemocompatibility in the extracorporeal circuit, by coating with 

substances that mimic the endothelium, or endothelialisation of the blood contacting surface, are 

areas for development. Furthermore, clinical studies that explore the effects of hyperoxia on 

patient-centered outcomes are warranted.
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TABLES
TABLE 1 Hemostatic parameters by experimental group at selected time points

Mild hyperoxia Severe hyperoxia

Mean (±SD) Baseline T2 T4 T6 Baseline T2 T4 T6

Full blood examination

   WCC (x109/L) 5.0 (1.7) 5.0 (1.6) 4.7 (1.5) 4.5 (1.3) 4.2 (1.1) 4.1 (1.2) 4.0 (1.1) 4.2 (1.0)

   Hb (g/L) 103 (7) 104 (6) 103 (4) 105 (10) 101 (7) 102 (7) 102 (8) 107 (10)

   Plt (x109/L) 154 (47) 158 (46) 152 (55) 159 (45) 144 (24) 146 (26) 146 (20) 158 (19)

n = 5 mild hyperoxia, n = 4 severe hyperoxia; Hb = hemoglobin; Plt = platelet; WCC = white cell count
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FIGURE LEGENDS
FIGURE 1 Schematic diagram of ex vivo ECMO model setup.

FIGURE 2 Assessment of platelet aggregometry and activation with hyperoxia. ADP- and TRAP-

induced platelet aggregation area under the curve (AUC) was significantly decreased over time 

from baseline to 6 hours (A). Plasma levels of PF4 and P-Selectin were unchanged with 

hyperoxia (B) while the surface expression of activation markers (CD42b and P-selectin) on 

platelets was also unaffected (C). Data are presented as mean (± 95% confidence interval). ***p 

< 0.001 from baseline to 6 hours. n = 5 mild hyperoxia, n = 4 severe hyperoxia.

FIGURE 3 Measurement of activation and adhesion markers on leukocytes. Plasma NE levels 

were significantly increased from baseline to 6 hours with severe hyperoxia while there was a 

trend for increased levels of both NE and MPO with mild hyperoxia (A) α-defensin levels were 

unchanged. MFI of different markers expressed on neutrophils (CD11b and CD16) show no 

significant change (B), while monocyte levels (HLA-DR) were decreased with both mild and 

severe hyperoxia. Data are presented as mean (± 95% confidence interval). *p < 0.05, **p < 0.01 

from baseline to 6 hours. n = 5 mild hyperoxia, n = 4 severe hyperoxia.

FIGURE 4 Plasma concentration of cytokines and chemokines during ECMO with mild and 

severe hyperoxia. IL8 levels were significantly increased from baseline to 6 hours with mild and 

severe hyperoxia. There was a trend for increased levels over time for IL6, TNFα and IL1β, 

however there was no significant difference between the two treatment groups. Data are 

presented as mean (± 95% confidence interval). **p < 0.01, ***p < 0.001 from baseline to 6 hours. 

n = 5 mild hyperoxia, n = 4 severe hyperoxia.

FIGURE 5 Changes in oxidative stress markers in plasma with hyperoxia. Levels of SOD 

increased significantly from baseline to 6 hours with both mild and severe hyperoxia. MDA levels 

were significantly increased from baseline to 6 hours with mild hypoxia only. There was no 

change in GPx activity over time or between mild and severe hyperoxia. Data are presented as 

mean (± 95% confidence interval). **p < 0.01, ***p < 0.001 from baseline to 6 hours. n = 5 mild 

hyperoxia, n = 4 severe hyperoxia.
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