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Abstract
Background: Traumatic brain injury is a leading cause of morbidity and mortality worldwide. The relationship between 
hyperoxia and outcomes in patients with TBI remains controversial. We assessed the effect of persistent hyperoxia on 
the neurological outcomes and survival of critically ill patients with moderate-severe TBI.  Method: This was a retro-
spective cohort study of all adults with moderate-severe TBI admitted to the ICU between 1st January 2016 and 31st 
December 2019 and who required invasive mechanical ventilation. Arterial blood gas data was recorded within the 
first 3 hours of intubation and then after 6-12 hours and 24-48 hours. The patients were divided into two categories: 
Group I had a PaO2 < 120mmHg on at least two ABGs undertaken in the first twelve hours post intubation and Group 
II had a PaO2 ≥ 120mmHg on at least two ABGs in the same period. Multivariable logistic regression was performed 
to assess predictors of hospital mortality and good neurologic outcome (Glasgow outcome score ≥ 4). Results: The 
study included 309 patients: 54.7% (n=169) in Group I and 45.3% (n=140) in Group II. Hyperoxia was not associated 
with increased mortality in the ICU (20.1% vs. 17.9%, p=0.62) or hospital (20.7% vs. 17.9%, p=0.53), moreover, the 
hospital discharge mean (SD) Glasgow Coma Scale (11.0(5.1) vs. 11.2(4.9), p=0.70) and mean (SD) Glasgow Outcome 
Score (3.1(1.3) vs. 3.1(1.2), p=0.47) were similar. In multivariable logistic regression analysis, persistent hyperoxia 
was not associated with increased mortality (adjusted odds ratio [aOR] 0.71, 95% CI 0.34-1.35, p=0.29). PaO2 within 
the first 3 hours was also not associated with mortality: 121-200mmHg: aOR 0.58, 95% CI 0.23-1.49, p=0.26; 201-
300mmHg: aOR 0.66, 95% CI 0.27-1.59, p=0.35; 301-400mmHg: aOR 0.85, 95% CI 0.31-2.35, p=0.75 and >400mmHg: 
aOR 0.51, 95% CI 0.18-1.44, p=0.20; reference: PaO2 60-120mmHg within 3 hours. However, hyperoxia >400mmHg 
was associated with being less likely to have good neurological (GOS ≥4) outcome on hospital discharge (aOR 0.36, 
95% CI 0.13-0.98, p=0.046; reference: PaO2 60-120mmHg within 3 hours. Conclusion: In intubated patients with 
moderate-severe TBI, hyperoxia in the first 48 hours was not independently associated with hospital mortality. How-
ever, PaO2 >400mmHg may be associated with a worse neurological outcome on hospital discharge.
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��Introduction
Traumatic Brain Injury (TBI) is the leading cause of 
mortality and disability worldwide among the young 
population [1]. However, the true magnitude of this 
problem may be even greater than perceived, as a sig-
nificant number of patients survive hospitalization but 
remain debilitated or ultimately succumb to complica-
tions from their injuries [2]. Severe TBI has a mortality 
rate of up to 30–40% and can cause significant physi-

cal, psychosocial, and social deficits in up to 60% of pa-
tients [3]. Therefore, implementing interventions that 
improve outcomes are of paramount importance. 

Currently, acute management of patients after TBI 
targets physiologic parameters to minimize second-
ary brain injury. This secondary injury is precipitated 
by ischemia resulting from decreased cerebral blood 
flow (CBF) and is particularly likely to occur in the 
first twenty-four hours after injury [4]. Cerebral hy-
poxia (PaO2 < 60 mmHg) caused by cerebral hypoper-
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fusion, is associated with adverse outcomes in TBI [5]. 
In order to combat brain tissue hypoxia there has been 
a shift by some clinicians to use hyperoxia treatment 
(PaO2 >100 mmHg or 13.3 kPa) in order to improve 
oxygen delivery [6]. 

Since its discovery in 1770, and later as treatment 
in the acute care setting in 1885, supplemental oxygen 
(O2) has remained essential in the management of hy-
poxia [7].

As a consequence of ensuring optimal oxygen de-
livery in critically ill patients this “drug” has become a 
cornerstone of many resuscitation protocols and liberal 
use of supplemental oxygen is common [8].

Hence, many health care practitioners are more like-
ly to accept supernormal arterial O2 levels, inattentive 
to any possible toxicity [6, 8]. 

Arterial hyperoxia has been shown to induce va-
soconstriction and reduce cardiac output, which may 
impair blood flow to vital organs [9]. Also, exposure 
to high fractions of inspired oxygen following resusci-
tation amplifies the production of oxygen free radicals, 
resulting in neuronal injury via calcium influx causing 
excitotoxic damage or oxidative damage to the electron 
transport chain leading to decrease ATP production 
and subsequent activation of apoptotic pathways [8, 
10, 11].

Further, in one study even exposure to moderate hy-
peroxia (FiO2 =40%) was associated with inflammation, 
tissue necrosis and apoptosis in endothelial cells [12].

Hyperoxia (PaO2> 487mmHg/64.9kPa) has been 
associated with higher mortality in a retrospective 
cohort study comprising 3,420 patients with severe 
TBI [13]. Similar findings were observed in a mul-
ticentre study among 1,212 mechanically ventilated 
patients suffering from TBI, where hyperoxia (PaO2 
>300mmHg/40.0kPa) within 24 hours after admis-
sion to the ICU was independently associated with 
higher in-hospital mortality [14]. Brenner, et al. (2015) 
in their study of 1547 severe TBI patients, showed in 
a logistic regression model that mortality (OR 1.56, 
95%CI 1.18-2.07, p 0.002) and hospital length of stay 
(OR 0.74, 95% CI 0.58-1.13, p 0.01) were significant-
ly worse for hyperoxic (PaO2 >200mmHg/26.7kPa) 
patients [15]. In contrast, Raj et al. (2013) found in 
1,116 patients with moderate-severe TBI that hyper-
oxia (PaO2>100mmHg/13.3kPa) was not predictive of 
6-month mortality [1]. Russell et al. (2017) observed 
among their 471 patients with TBI that the maximum 

PaO2 was 133mmHg among survivors and 152mmHg 
among non-survivors (p 0.19). Further, analysis reveals 
that PaO2 was not related to increased mortality (OR 
1.27, 95% CI 0.72 - 2.25, p 0.85). [2] Likewise, Fujita 
et al. (2017) conducted a post-hoc analysis of 129 pa-
tients and found that PaO2  was significantly greater 
in patients with favourable neurological outcomes 
than in patients with unfavourable neurological out-
comes (PaO2: 252 ± 122 vs. 202 ± 87 mm Hg,  p 0.008), 
and PaO2 was independently associated with survival 
following severe TBI [16]. Finally, Asher et al. (2013) 
noticed a PaO2 threshold between 250-486 mmHg dur-
ing the first 72 hours after injury was associated with 
improved all-cause survival in patients with severe TBI 
[17]. Additionally, in two recent meta-analyses the au-
thors found that, ICU mortality, 6-month mortality, 
and failure to discharge home were not significantly as-
sociated with arterial hyperoxia [9, 18].

Substantial clinical uncertainty still persists in regard 
to the benefit or harm of hyperoxia in TBI patients. This 
uncertainty coupled with the immense burden of TBI 
in the Kingdom of Saudi Arabia has led us to perform 
a prospective cohort study to ascertain if persistent hy-
peroxia (PaO2>120mmHg) in the first 24 hours of ad-
mission would affect the outcomes of moderate-severe 
TBI patients. We believe that this data may yield vital 
information needed to manage our patients and it may 
add some clarity to the fog surrounding hyperoxia that 
still exist today.

��Methods

Patients and Setting

This was a retrospective cohort study of all consecutive 
patients with moderate-severe TBI that were admitted 
to the adult ICUs at King Abdulaziz Medical City, a 
1000-bed tertiary care centre in Riyadh, Saudi Arabia. 
The units were covered by board-certified intensivists 
with onsite coverage 24 hours daily, and a nurse-to-
patient ratio of approximately 1:1. The hospital was 
accredited by the Joint Commission International and 
had active Trauma and Neurosurgical teams. 

The study population included all adult patients, 
who were admitted to the ICU with moderate-to-severe 
TBI and required intubation from January 1st 2016 to 
December 31st, 2019. Patients who were admitted to 
the ICU for less than 72 hours, those labelled no code, 
comfort care, supportive care or brain dead, and those 
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with incomplete medical records, were excluded from 
the study. 

The Institutional Review Board and of the Ministry 
of National Guard Health Affairs, Riyadh, Saudi Ara-
bia, approved this study and waived the requirement 
for informed consent.

Data Collection 

A list was generated of all patients admitted to the ICU 
that fulfilled the inclusion and exclusion criteria. 

Data was obtained from the computer chart for the 
analysis. These data include demographic character-
istics, source of ICU admission, severity of illness on 
ICU admission assessed by Injury Severity score (ISS), 
Revised Trauma Score (RTS), Shock Index (SI) and 
The International Mission for Prognosis and Analysis 
of Clinical Trials (IMPACT) in TBI –core model (us-
ing age, motor function and pupil response), admis-
sion and discharge Glasgow coma score, laboratory 
parameters, arterial blood gas, computerized tomogra-
phy (CT) findings, therapeutic intervention, ICU and 
hospital mortality, hospital length of stay and need for 
tracheostomy. Additionally, Glasgow Outcome  Score 
(GOS) was calculated on the hospital discharge day. All 
arterial blood gas analysis measurements were obtained 
through arterio- puncture or arterial catheters for clini-
cal purposes during the first 48 h of admission were 
recorded. The PaO2 on intubation and within 3-6, 12-
24 and 48 hours, the corresponding fraction of inspired 
oxygen (FiO2), and Positive End Expiratory Pressures 
(PEEP) were documented. The study data were collect-
ed on a data collection sheet by the co-investigators, 
without any patient identifiers and were stored securely 
with the Principal Investigator. 

Hyperoxia was defined as a PaO2 >120mmHg [19, 
20]. Patients were categorized into two groups depend-
ing on the PaO2 on ABG done in the first 48-hours of 
intubation. 

Group 1 were defined as having non-persistent hy-
peroxia: patients that may have had a PaO2 greater than 
120mmHg on initial ABG undertalekn within 20 min-
utes of intubation, but on repeat ABGs within 3 hours 
of intubation the PaO2 was less than 120mmHg. 

Group11 were defined as having persistent hyper-
oxia: patients that had an initial PaO2 greater that 
120mmHg and two or more consecutive ABGs with 
PaO2 greater than 120mmHg within 24-hours of in-
tubation. These patients were followed and their out-
comes were then recorded. 

Statistical Analysis 

Data were analysed using SPSS version 15.0 (SPSS Inc, 
Chicago, Illinois). Continuous variables were present-
ed as means (SD) and categorical variables as frequen-
cies and percentages. The Chi-squared or Fisher’s exact 
test was used to compare qualitative variables and the 
Student t-test or ANOVA to compare quantitative vari-
ables. The significance level was set at α = 0.05. 

In the multivariable logistic regression analysis for 
the predictors of hospital mortality and neurologic out-
come the following variables were entered in the mod-
el:  age, Injury Severity Score, arrival Glasgow Coma 
Scale, systolic blood pressure > 90 mmHg presence of 
midline shift > 5 mm on brain CT.

In the multivariable logistic regression analysis for 
the predictors of hospital mortality and neurologic out-
come, the following variables were entered in the mod-
el:  age, Injury Severity Score, arrival Glasgow Coma 
Scale, systolic blood pressure > 90 mmHg presence of 
midline shift > 5 mm on brain CT.

Multivariable logistic regression analysis was per-
formed using two models. In the first model, we ana-
lysed if persistent hyperoxia would affect hospital mor-
tality or neurological outcome. While, in the second 
model we tested if specific range of PaO2 would alter 
patients’ outcome.

The hospital mortality rates were compared in cer-
tain subgroups, which were selected based on clini-
cal relevance. The results were presented as odds ratio 
(OR) with 95% confidence interval (CI). 

��Results
Baseline characteristics of the cohort are presented in 
Table 1. The patients were mostly young men. There 
were no significant differences between Group I and II 
in Injury Severity Score [29.9(6.8) vs. 30.2(8.2), 0.74], 
Revised Trauma Score [5.3(1.2) vs. 5.4(1.1), 0.63] and 
IMPACT mortality [29.2(18.7) vs. 26.5(16.8), p=0.19]. 

Isolated head injury (29.0% vs. 33.4%, 0.39) and 
midline shift ≥5mm (11.2% vs. 16.4%, p=0.19) were 
comparable between the groups. 

The management strategies, such as intravenous 
tranexamic acid (29.8% vs. 32.4%, 0.62), ICP insertion 
(14.1 vs. 19.2, 0.24) and initiation of head-injury proto-
col (86.5% vs 70.4%, 0.74) were nosignificantly differ-
ent between the two groups.
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Table 1. Baseline Characteristics 

Variables All
N=309

Group I
N=169

Group II
N=140 p-value

Age (years), mean(SD) 31.4(12.4) 32.2(13.0) 30.6(11.6) 0.28
Male gender, N (%) 293 (94.8) 164 (97.0) 129 (92.1) 0.53
Body Mass Index 9kg/m2), mean(SD) 23.7(5.3) 24.5(5.60 22.8(4.7) 0.07
Ideal Body Weight (kg), mean(SD) 65.0(6.5) 65.4(6.7) 64.6(6.4) .028
Source of admission, N (%)
Emergency Department 260 (84.1) 147(87.0) 113 (80.7) 0.13
Operating Room 49 (15.9) 22 (13.0) 27 (19.3)
Markers of Injury Severity, mean(SD)
Injury Severity Score, points 30.0(7.5) 29.996.8) 30.2(8.2) 0.74
Revised Trauma Score, points 5.3(1.1) 5.3(1.2) 5.4(1.1) 0.63
Shock Index 0.86(0.3) 0.9(0.4) 0.8(0.3) 0.19
IMPACT mortality, % 27.9(17.9) 29.2(18.7) 26.5(16.8) 0.19
IMPACT outcome, % 41.7(20.5) 43.1(20.9) 40.1(19.9) 0.20
Physiological Parameters, mean(SD)
Systolic blood pressure, mmHg 128.3(26.5) 128.4(27.4) 128.1(25.6) 0.91
MAP, mmHg 94.4(22.6) 93.8(23.9) 95.1(21.1) 0.60
Heart rate, beats/min 104.7(28.2) 106.8(28.7) 102.2(27.5) 0.15
Respiratory rate, breaths/min 24.3(7.0) 24.7(7.2) 23.8(6.7) 0.31
Oxygen saturation, % 95.7(8.7) 95.0(10.3) 96.5(6.3) 0.12
Temperature, °C 36.7(0.7) 36.7(0.7) 36.7(0.7) 0.67
CVP, mmHg 10.7(4.6) 11.6(5.0) 9.6(3.8) 0.01
Arrival GCS 5.9(2.8) 5.9(2.9) 5.9(2.7) 0.88
 GCS 9-12, N(%) 55(17.8) 31(18.3) 25 17.9) 0.53
 GCS ≤ 8, N(%) 253(81.9) 138(81.7) 115(82.1)
Laboratory Parameters, mean(SD)
White blood cell count, 109/L 17.3(6.8) 17.5(7.3) 17.1(6.2) 0.68
Hemoglobin, gm/L 139.3(25.0) 0.44(0.07) 0.41(0.1) 0.04
Platelets, 109/L 271.9(90.7) 274(90.5) 270(91.3) 0.70
Sodium, mmol/L 139.6(4.1) 139.6(4.2) 139.7(4.0) 0.81
Chloride, mmol/L 108.2(8.6) 108.5(6.2) 107.8(10.8) 0.49
Creatinine, umol/L 90.1(61.2) 94.3(78.7) 85.0(27.9) 0.18
Lactic Acid, mmol/L 3.2(2.9) 3.4(3.0) 3.0(2.9) 0.34
AST, U/L 111.8(163.8) 135.3(207.0) 83.9(80.6) 0.06
ALT, U/L 81.6(134.1) 100.4(169.6) 59.3(66.0) 0.07
Respiratory and Ventilator Parameters, mean(SD)
Tidal volume, mL 425(37.9) 427(42.7) 422(30.8) 0.24
Tidal volume per IDBW, mL/kg 6.6(0.8) 6.6(0.8) 6.6(0.8) 0.90
FiO2, % 0.8(0.3) 0.8(0.3) 0.8(0.3) 0.93
PEEP, mmHg 5.9(3.2) 6.1(3.8) 5.7(2.1) 0.31
pH 7.29(0.9) 7.29(0.1) 7.29(0.1) 0.44
PaCO2, mmHg 4..2(9.3) 43.8(9.9) 42.5(8.5) 0.23
PaO2, mmHg 228.4(143.4) 175.8(117.8) 291.9(146.2) <0.001
PaO2/FiO2 ratio, 316(237) 240(171) 407.5(272.5) <0.001

(Continued on page #)
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Table 2 describes the various outcomes measures. 
Persistent hyperoxia was not associated with a pro-

longed ICU or hospital length of stay or duration of 
mechanical ventilator. Additionally, hyperoxia was not 

associated with increased ICU stay (20.1% vs. 17.9%, 
p 0.62) or hospital mortality (20.7% vs. 17.9%, p 0.53). 

Further, the mean (SD) Glasgow Coma Scale on 
hospital discharge [11.0(5.1) vs. 11.2(4.9), p 0.70] and 

Variables All
N=309

Group I
N=169

Group II
N=140 p-value

CT Head Findings, N(%)
Epidural Hematoma 26(8.4) 16(9.5) 10(7.1) 0.50
Subdural Hematoma 125(40.5) 69(40.8) 56(40.0) 0.88
Subarachnoid hemorrhage 115(37.2) 67(39.6) 48(34.3 ) 0.33
Intraparenchymal Hemorrhage/Contusion 151(48.9) 81(47.9) 70(50.0) 0.72
Intraventricular Hemorrhage 46(14.9) 26(15.4) 20(14.3) 0.79
Cerebral Edema 107(34.6) 54(32.0) 53(37.9) 0.28
Midline Shift ≥5mm 42(13.6) 19(11.2) 23(16.4) 0.19
Axonal Injury 20(6.5) 11(6.5) 9(6.4) 0.98
Herniation 30(9.7) 15(8.9) 15(10.7) 0.59
Normal findings 50(16.2) 25(14.8) 25(17.9) 0.47
Isolated Head Injury, N (%) 96(30.1) 49(29.0) 47(33.6) 0.39
Management
Fluid balance at 24 hours (mL), mean±SD 3372(2528) 3435(2678) 3298(2343) 0.64
Blood products (Units), mean(SD)
Red blood cells
Platelets
Fresh frozen plasma

2.1(3.9)
6.2(4.9)
5.8(4.6)

1.8(3.8)
7.5(5.8)
6.4(5.1)

2.3(3.9)
5.1(3.6)
5.3(3.6)

0.26
0.05
0.27

Tranexamic acid, N(%) 50 (29.8) 45 (32.4) 0.62
Vasopressor index, mean(SD) 3.5(0.7) 3.5(0.7) 3.5(0.6) 0.46
ICP Monitoring, N(%) 47(15.2) 22(14.1) 25(19.2) 0.24
Hypertonic saline, N(%) 155(50.2) 87(59.6) 68(57.1) 0.69
Head injury protocol, N(%) 165(53.4) 89(86.5) 76(70.4) 0.75

Group I: non-persistent hyperoxia, included patients that may had an initial PaO2 greater that 120mmHg, but on repeat ABGs within 3 hours of intubation the PaO2 was less than 120mmHg. Group II: the 
persistent hyperoxia, included patients that had an initial PaO2 greater that 120mmHg and two or more consecutive ABGs with PaO2 greater than 120mmHg within 24-hours of intubation. 

SD, standard deviation; IMPACT, The International Mission for Prognosis and Analysis of Clinical Trials; MAP, mean arterial pressure; CVP, central venous pressure; GCS, Glasgow come scale; AST, aspartate 
transaminase; ALT, alanine transaminase; IDBW, ideal body weight; FiO2, fraction of inspired oxygen PEEP, positive end-expiratory pressure; PaCO2, partial pressure of carbon dioxide; PaO2, partial pressure 
of oxygen; PaO2/FiO2, ratio of arterial oxygen partial pressure to fractional inspired oxygen; ICP, intracranial pressure. 

Table 1 (Cont.)

Table 2. Hospital outcomes for cohort.

Variables All
N=309

Group I
N=169

Group II
N=140 p-value

ICU Length of stay (days), mean(SD) 15.9(18.7) 17.1923.2) 14.5(11.2) 0.23
Hospital length of stay (days), mean(SD) 54.3(76.2) 60.2(86.5) 47.2(61.3) 0.13

Duration on MV (days), mean(SD) 10.1(8.4) 10.6(6.3) 9.5(10.3) 0.25

Tracheostomy, N (%) 80 (25.9) 51 (34.2) 29 (23.8) 0.06

ICU mortality, N (%) 59 (19.1) 34 (20.1) 25 (17.9) 0.62

Hospital mortality, N (%) 60 (19.4) 35 (20.7) 25 (17.9) 0.53

ICU discharge GCS, mean(SD) 9.2(4.7) 8.9(4.8) 9.5(4.7) 0.33

Hospital discharge GCS, mean(SD) 11.1(5.0) 11.0(5.1) 11.2(4.9) 0.70

Hospital discharge GOS, mean(SD) 3.1(1.2) 3.1(1.3) 3.1(1.2) 0.47

Hospital discharge GOS <4 206 (66.7) 113 (66.9) 93 (66.4) 0.92

Hospital discharge GOS ≥4 103 (33.3) 56 (33.1) 47 (33.6) 0.94
ICU, Intensive care unit; SD, standard deviation; MV, mechanical ventilator; N, patient number; %, patient percentage; GCS, Glasgow coma scale; GOS, , Glasgow outcome score.
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the mean (SD) Glasgow Outcome Scores [3.1(1.3) vs. 
3.1(1.2), p 0.47] were not statistically significant be-
tween the groups.

The unadjusted outcomes for different PaO2 ranges 
in the first three hours of intubation are presented in 
Figure 1. 

Compared to those with PaO2 of 60-120mmHg, pa-
tients with PaO2>400mmHg had a significantly shorter 
ICU length of stay [65.1(93.4) vs. 33.8(36.2), p 0.025], 
better ICU discharge Glasgow Coma Scale [8.6(4.7) 
vs. 10.7(4.7), p 0.01], and hospital discharge Glasgow 
Coma Scale [10.6(5.2) vs. 12.5(4.4), p 0.03]. 

The ICU mortality for those patients with a PaO2 
of 60-120mmHg in the first 3 hours of intubation was 
not significantly different compared to those with PaO2 
>120mmHg at 0-3 hours (18.7% vs. 18.2%, p 0.92) and 
those that remained with PaO2> 120mmHg at 3-12 
hours (18.7% vs. 15.6% p 0.56). 

We also investigated if using the threshold of a PaO2 
>100mmHg to define hyperoxia would yield a differ-
ence in ICU mortality. However, no difference was de-
tected in ICU mortality between those with a PaO2 60-
100mmHg compared to those with a PaO2 >100mmHg 
(22.1% vs. 17.1%, p 0.42).

In the multivariable logistic regression analysis, a 
midline shift ≥5mm was an independent predictor of 
mortality (OR: 5.25; 95% CI: 2.47-11.18, p <0.001), 
while persistent hyperoxia was not associated with in-
creased mortality (OR 0.71, 95% CI 0.34-1.35, p 0.29). 

In the second model different ranges of PaO2 were 
evaluated to identify if they contributed to mortality. 
Again, hyperoxia in any category (PaO2 60-120mmHg: 
baseline, 121-200mmHg: OR 0.58, 95% CI 0.23-1.49, 
p 0.26; 201-300mmHg: OR 0.66, 95% CI, 0.27-1.59, p 
0.35; 301-400mmHg: OR 0.85, 95% CI 0.31-2.35, p 0.75 
and >400mmHg: OR 0.51, 95% CI 0.18-1.44, p 0.20) 
were not independent predictors of mortality. 

However, hyperoxia >400mmHg was associated with 
being less likely to have good neurological, Glasgow 
Outcome Scores ≥ 4 outcome on hospital discharge 
(OR 0.36, 95% CI 0.13-0.98, p 0.46), determined by 
Glasgow Outcome Scores.

In subgroups analysis for hospital admission Glas-
gow Coma Scale <9, isolated TBI, initiation of head 
injury protocol and ratio of arterial oxygen partial 
pressure to fractional inspired oxygen within first 3 
hours >300, there were no significant differences in 
both mortality and neurological outcomes (Table 3) 
between the groups.

Table 3. Hospital outcomes in subgroup analysis. 

Variables
Hospital Mortality N (%) Hospital discharge GOS, mean(SD) 

Group I Group II P value Group I Group II P value
GCS <9 33 (23.9) 24 (20.9) 0.56 3.0(1.3) 3.0(1.2) 0.92
Isolated TBI 11 (22.4) 9 (19.1) 0.69 2.8(1.2) 3.2(1.3) 0.94
HIP 22 (24.7) 16 (21.1) 0.58 3.0(1.3) 3.1(1.2) 0.61
PF ratio <300 27 923.1) 15 (29.4) 0.38 3.0(1.3) 2.8(1.3) 0.31
PF ratio>300 8 (15.4) 10 (11.2) 0.48 3.3(1.1) 3.4(1.0) 0.58
SAH 20 (29.9) 14 (29.2) 0.94 2.7(1.3) 2.8(1.1) 0.87
SDH 21 (30.4) 15 (26.8) 0.65 2.7(1.3) 2.9(1.3) 0.42

GCS, Glasgow coma scale; TBI, traumatic brain injury; HIP, head-injury protocol; PF, ratio of arterial oxygen partial pressure to fractional inspired oxygen (PaO2/FiO2) within the first 3 hours of intubation; 
SAH, subarachnoid hemorrhage; SD, standard deviation; SDH, subdural hemorrhage.

Fig. 1. Adjusted odd ratio for hospital mortality (A) and Glasgow outcome score ≥4 (B) for persistent hyperoxia and dif-
ferent PaO2 ranges.
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��Discussion
We conducted a retrospective observational study, in-
vestigating the relationship between hyperoxia in the 
first 24 hours of intubation on mortality and functional 
outcomes in patient with moderate-severe TBI. Our data 
suggest that persistent hyperoxia (PaO2>120mmHg) 
was not an independent predictor of hospital mortal-
ity or unfavourable neurological outcomes. Addition-
ally, we did not detect an association in subgroups of 
patients with isolated TBI, GCS <9 or those on “head 
injury protocol”. Finally, in analysing different ranges of 
PaO2 (60-120mmHg, 121-200mmHg, 201-300mmHg, 
301-400mmHg and >400mmHg), none of the catego-
ries contribute to increased mortality, but patients with 
PaO2 >400mmHg within 3 hours of intubation were 
less likely to have good neurological outcomes, Glas-
gow Outcome Scores ≥ 4 on hospital discharge com-
pared with patients with PaO2 60-120 mm Hg.

Substantial evidence suggests that hyperoxia can 
have harmful biological and physiological effects on 
humans. Elevated PaO2 may increase the formation 
of reactive oxygen species in the neuronal tissue via 
mitochondrial oxidoreductive process, xanthine/urate 
oxidase or phagocytes, which may attenuate oxidative 
and nitrosative stress, thereby favouring the induction 
of apoptotic neuronal death and necrosis, potentially 
contributing to poor neurological outcomes [2]. Fur-
ther, supra-physiological levels of oxygen can cause 
cerebral vasoconstriction resulting in decreased cer-
ebral blood flow (CBF), paradoxically lowering deliv-
ery of oxygen and other important substrates to the 
cerebral tissue [22].

Immediately following TBI, the metabolic demand 
of the brain increases, but oxygen delivery may de-
crease due to a reduction of CBF, increased ICP, and 
decreased oxygen diffusion caused by capillary en-
dothelium oedema, secondary to the neuroinflamma-
tory response [23]. This oxygen deficiency forces con-
version to anaerobic metabolism, leading to depletion 
of cellular ATP. This crisis result in inadequate ATP 
needed for normal Na+/K+ ATPase pump function, 
leading to calcium influx, release of excitatory neuro-
transmitters and mediators of programmed cell death 
[4]. Hyperoxia has been associated with improvements 
in intracranial pressure, brain tissue oxygenation, lac-
tate concentration and lactate pyruvate ratio (creating 
a more aerobic metabolic profile) in TBI [24]. In fact, 
Ghosh et al. (2017) showed that hyperoxia in acute 
brain injury resulted in increased brain tissue PaO2, 

reduced lactate pyruvate ratio, increased cytochrome 
c oxidase and cerebral metabolic rates [25]. Further-
more, the combination of hyperbaric and normobaric 
hyperoxia in the treatment of severe TBI has been as-
sociated with improved markers of oxidative stress, 
and significant reduction in mortality and poor neuro-
logical outcomes [26]. This implies that hyperoxia may 
increase oxygen delivery to brain tissue and protect 
against secondary ischemic damage [4].

Our results are consistent with other studies, sug-
gesting no association of hyperoxia and mortality in 
TBI patients [1, 2, 16]. Raj et al. (2013) using the Finn-
ish Intensive Care Consortium database of mechani-
cally ventilated patients with moderate-to-severe TBI, 
found no independent relationship between hyperox-
ia, define as PaO2>100mmHg and 6-month mortality 
(OR 0.88, 95% CI 0.63-1.22, p 0.43) after adjusting for 
markers of illness severity [1]. In ventilated patients 
with severe TBI, Russell et al. (2017) detected no sig-
nificant difference in the maximum PaO2 between sur-
vivors and non-survivors (141 vs. 148mmHg, p 0.82). 
Further, hyperoxia in the first 24 hours of intubation 
was not associated with increased mortality (OR 1.27 
95%CI 0.72-2.25, p 0.41) [2]. Post-hoc  analyses of 
data from the Brain Hypothermia study revealed that 
PaO2 was higher in survivors and those with favour-
able neurological outcomes as measured by GOS than 
in non-survivors and those with unfavourable out-
comes (PaO2: 242 vs. 193mmHg, p 0.022 and PaO2: 
252 vs. 202mmHg, p 0.008 – respectively) [16]. Asher 
et al. (2013) observed that in a PaO2 range from 250-
486mmHg in the first 72 hours post severe TBI was as-
sociated with a survival benefit (OR 0.46, 95% CI 0.22-
0.95).[17] Recently, O’Brian et al. (2018) extracted data 
from the Australian and New Zealand Intensive Care 
Society Centre for Outcome and Resource Evaluation 
Adult Patient Database for 24,148 TBI patients found 
that hyperoxia was not independently associated with 
greater in-hospital mortality [27].

Conversely, Davis et al. (2009) found in patients with 
severe TBI that extreme hyperoxia (PaO2≥487mmHg) 
was associated with an increased mortality [13]. How-
ever, this study used an extremely high PaO2 as an arbi-
trary threshold and only included the first PaO2 meas-
urement in their regression analysis models. In a single 
centre retrospective study Brenner et al. (2012) showed 
that hyperoxia (PaO2>200mmHg) was associated with 
increased mortality, hospital length of stay, and de-
creased GCS [15]. Although this study used the mean 
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PaO2 from ABGs in the first 24 hours, it was not re-
stricted to only mechanically ventilated patients, which 
may introduce bias, as it is possible that patients not 
on mechanical ventilation are likely to have less sever 
TBI and thus less likely to be hyperoxic. Rincon et al. 
(2014) in a multicentre cohort study of ventilated TBI 
patients found in multivariate analysis that hyperoxia 
(PaO2≥300mmHg) was independently associated with 
higher in-hospital mortality [14]. This study used only 
the “worst” PaO2 which may be misleading as we found 
in our study that many patients may have an elevated 
PaO2 immediately post intubation, but this did not per-
sist in subsequent ABGs repeated 1-3 hours later. 

Clinical studies have yield conflicting data on the ef-
fect of hyperoxia on TBI patients. A meta-analysis in 
2014 concluded that hyperoxia in TBI was associated 
with increased mortality [28]. 

However, a subsequent meta-analysis and meta re-
gression of the same studies revealed in a that hyperox-
ia was not an independent predictor of mortality (OR 
1.26, 95% CI 0.85-1.88, 0.25) [9]. 

Moreover, a recent meta-analysis by Ni et al. (2019) 
found that hyperoxia did not contribute to higher mor-
tality in patients with TBI, stroke, post cardiac surgery 
and mechanical ventilation, but the authors caution 
about the generalizability of the results due to the high 
heterogeneity of the studies available [18].

Our subgroup analysis for patients with arrival GCS 
≤8 and isolated TBI revealed that hyperoxia was not 
associated with increased ICU or hospital mortality. 
Analogous findings were reported by O’Brian et al. 
(2018) that in multivariable analysis, hyperoxia was not 
identified as an independent risk factor for mortality in 
isolated TBI [27].

The application of hyperoxia after TBI was demon-
strated to improve brain tissue oxygenation by cerebral 
microdialysis, brain tissue oximetry, and oxygen-15 
positron emission tomography. [29] As well, a rand-
omized control trial exposing TBI patients to normo-
baric hyperoxia (FiO2 80%), found that hyperoxia was 
associated with better 6 months neurological outcomes 
assessed by Glasgow Outcome Scores [30]. However, 
our data was more consistent with the findings of Davis 
et al. (2009) and Brenner et al. (2012) who also report-
ed that hyperoxia was associated with worse functional 
outcomes [13, 15].

This study has several strengths. It used a relatively 
large database to extract patients with moderate-sever 

TBI. We included only patients receiving mechanical 
ventilation, with multiple ABGs with the first 48 hours 
of intubation, ensuring that the cohort had significant 
injury and remained persistently hyperoxic for several 
hours. This was the first study of its kind in this patient 
population (Saudi Arabia). The data were collected by 
trained collectors and are unlikely to be subject to bias. 
We used validated markers for severity of illness, which 
allowed us to calculate adjusted mortality risk with 
varying PaO2 categories. We also performed sensitivity 
analysis in multiple subgroups to further substantiate 
our findings. Finally, we used Glasgow outcome scores 
to evaluate neurological outcomes. Despite this we ac-
knowledge several limitations to this study. Firstly, this 
was a single centred study of mostly male patients, thus 
generalization of our findings should be cautious. Sec-
ondly, the study was observational, which limits any 
robust assessment of causation. Thirdly, our cohort 
consisted of some patients with multiple traumatic 
injuries, which may have tinted any analysis, however 
in those cases recorded as having isolated TBI, no sig-
nificant association was noted between hyperoxia and 
mortality. Fourth, due to the retrospective nature of the 
study we were unable to assess long-term neurological 
outcome and our GOS was done at hospital discharge. 
Lastly, TBI encompasses a number of unique patholo-
gies (e.g., SDH, SAH, diffuse axonal injury) and that al-
though no differences were evident in isolated TBI and 
GCS ≤8, it is highly conceivable that hyperoxia may 
impact each injury sub-type differently.

��Conclusion 
Our data revealed that persistent hyperoxia (PaO2 
>120mmHg) is not an independent predictor of mor-
tality, but supraphysiological levels (PaO2 >400mmHg) 
may result in poor neurological outcomes. The current 
data about hyperoxia in TBI patients is tainted with 
multiple heterogeneous studies in which the threshold 
used to define hyperoxia ranges from 85–487mmHg. 
Thus, currently the exact target for PaO2 in TBI re-
mains unclear, until concert evidence emerges from 
well-designed randomized control studies.
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