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Abstract

Background: Hyperoxemia has been associated with increased mortality in critically ill patients, but little is known
about its effect in trauma patients. The objective of this study was to assess the association between early
hyperoxemia and in-hospital mortality after severe trauma. We hypothesized that a PaO, = 150 mmHg on admission
was associated with increased in-hospital mortality.

Methods: Using data issued from a multicenter prospective trauma registry in France, we included trauma patients
managed by the emergency medical services between May 2016 and March 2019 and admitted to a level | trauma
center. Early hyperoxemia was defined as an arterial oxygen tension (PaO,) above 150 mmHg measured on hospital
admission. In-hospital mortality was compared between normoxemic (150 > Pa0O, = 60 mmHg) and hyperoxemic
patients using a propensity-score model with predetermined variables (gender, age, prehospital heart rate and
systolic blood pressure, temperature, hemoglobin and arterial lactate, use of mechanical ventilation, presence of
traumatic brain injury (TBI), initial Glasgow Coma Scale score, Injury Severity Score (ISS), American Society of
Anesthesiologists physical health class > |, and presence of hemorrhagic shock).

Results: A total of 5912 patients were analyzed. The median age was 39 [26-55] years and 78% were male. More
than half (53%) of the patients had an ISS above 15, and 32% had traumatic brain injury. On univariate analysis, the
in-hospital mortality was higher in hyperoxemic patients compared to normoxemic patients (12% versus 9%, p <
0.0001). However, after propensity score matching, we found a significantly lower in-hospital mortality in
hyperoxemic patients compared to normoxemic patients (OR 0.59 [0.50-0.70], p < 0.0001).

Conclusion: In this large observational study, early hyperoxemia in trauma patients was associated with reduced
adjusted in-hospital mortality. This result contrasts the unadjusted in-hospital mortality as well as numerous other
findings reported in acutely and critically ill patients. The study calls for a randomized clinical trial to further
investigate this association.
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Introduction

Each year, 5.8 million people die as result of trauma
making it the leading cause of death for individuals
below 45 years of age [1]. Furthermore, trauma consti-
tutes a major economic burden, as trauma-related costs
were estimated to $671 billion in 2013 in the USA alone
[2]. Efforts to lower the mortality and morbidity follow-
ing trauma are therefore of highest importance. The pre-
hospital management of severe trauma patients requires
a rapid approach during which it is recommended to
provide supplemental oxygen to both treat and prevent
hypoxemia [3, 4]. As a result, high fractions of inspired
oxygen (FiO,) are commonly administered during this
initial phase and may result in hyperoxemia on hospital
admission. However, exposure to high oxygen levels,
even during a short period of time, has been associated
with cerebral and coronary vasoconstriction, deleterious
effects on lung function, and increased production of re-
active oxygen species [5-10].

In a large meta-analysis on randomized controlled
trials (RCT), which compared liberal and conserva-
tive oxygenation administration in acutely ill pa-
tients, the relative risk of in-hospital mortality was
increased amongst patients treated with a liberal
oxygen approach compared to a conservative oxygen
approach [11]. A recent systematic review also inves-
tigated the relationship between hyperoxemia and
mortality in critically ill patients and found a similar
association [12].

Despite an increasing awareness of the potentially
deleterious effects of elevated arterial oxygen partial
pressure (PaO,) in acutely ill patients [13], the preva-
lence of hyperoxemia in the emergency department (ED)
and the intensive care unit (ICU) remains high [14-16].
Furthermore, a recent cohort study found a link between
early hyperoxemia in the ED and mortality [14].

However, the association between hyperoxemia and
mortality in the trauma population remains controver-
sial. In one RCT, authors found no effect of exposure to
different levels of FiO, on mortality amongst patients
suffering from traumatic brain injury (TBI) [17]. A re-
cent observational study on 24,148 mechanically venti-
lated patients with TBI found no effects of hyperoxemia
on mortality either [18].

Taken as a whole, knowledge on the effects of
hyperoxemia in trauma patients is sparse and the
evidence for systematic oxygen therapy in these pa-
tients is thus inadequate, especially in the pre-hospital
setting [19].

The primary objective of this study was to assess the
association between elevated PaO, on hospital admission
and in-hospital mortality in level I trauma centers. We
hypothesized that a PaO, > 150 mmHg on admission was
associated with increased in-hospital mortality.
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Methods

Study design

This was an observational study using a multicenter,
prospective trauma registry in France, the TraumaBase®©.
The TraumaBase consecutively collects data on trauma
patients from 15 trauma centers in France. A central ad-
ministrator monitors the data and the TraumaBase is
approved by the Institutional Review Board as well as
the National Commission on Informatics and Liberties.
The study is reported in accordance with the STROBE
guidelines [20].

Setting

Between May 2016 and March 2019, data collected from
the 14 level 1 trauma centers was reviewed (one center
had not yet included patients). As previously described
[21], the French EMS system consists of two levels of tri-
age that will trigger a paramedic-staffed ambulance or a
physician-staffed mobile ICU (Service Mobile d’Urgence
et de Réanimation (SMUR)). In case of major trauma,
the SMUR will always be activated and accompany the
patient to a specialized trauma center.

Participants

Trauma patients above 17 years of age with a PaO,
measured and registered in the TraumaBase® registry
were included. Hypoxemic patients (PaO, <60 mmHg
on arrival) and patients withdrawn from life-sustaining
therapy were excluded. Baseline characteristics on hyp-
oxemic patients can be found in the Additional file 1.

Variables

The following variables were extracted from the data-
base: age (years), gender, American Society of Anesthesi-
ologists (ASA) score, initial Glasgow Coma Scale (GCS)
score, pre-hospital systolic blood pressure and heart rate,
mechanism and site of injury, volume fluid replacement
(mL of colloids and/or crystalloids), catecholamine
administration, use of mechanical ventilation, body
temperature, arterial blood gas analysis on admission,
lactate level, hemoglobin level, creatinine level, presence
of hemorrhagic shock (defined as at the transfusion of at
least four units of packed red blood cells within 6 h),
TBI (at least one visible lesion on computed tomog-
raphy), Injury Severity Score (ISS), in-hospital length of
stay, and in-hospital mortality.

Statistical methods

Patients were divided into two groups of exposure a
priori according to their initial PaO, on hospital ad-
mission: normoxemia (PaO, 60-150mmHg) and
hyperoxemia (PaO, =150 mmHg). The 150 mmHg
cut-off was used as this has previously been done in
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an RCT on ICU patients [22], as well as in several
observational studies [23-25].

Our primary aim was to assess the correlation between
hyperoxemia on hospital admission and in-hospital mor-
tality. Two pre-planned subgroup analyses on patients
with an initial GCS <8 and mechanically ventilated pa-
tients were also planned.

Categorical variables are expressed as numbers with
percentages (%) and continuous variables as means with
standard deviations (SD), or medians with interquartile
ranges [IQR]. Characteristics were compared using a
chi® test for categorical data and ¢ test or Mann-
Whitney U test for continuous data.

Since hyperoxemia is caused by exposure to high oxy-
gen levels, the association between hyperoxemia and in-
hospital mortality was assessed using propensity score to
reduce potential selection bias due to measured baseline
covaries. The variables included in the model were
chosen a priori by comparing pre-hospital variables and
baseline characteristics between patients that died and
survived to hospital discharge. Significant determinants
of mortality were included.

The score was estimated using logistic regression, and
the primary analyses were made using inverse probabil-
ity of treatment weighting (IPTW).

To verify the robustness of the results, two sensitivity
analyses were performed using a propensity score analysis
with a matching method with a 1:1 ratio within a caliper
of 0.05 standard deviation of the logit propensity score
and a stratification on the quintiles of the propensity
score. To account for missing data, analyses were con-
ducted using multiple imputations by chained equations
with 10 imputations obtained after 10 iterations [26]. A
complete-case analysis was also performed to verify the
results. The propensity scores came from 10 independent
complete data sets and were averaged according to
the “across approach” [27]. Balance in potentials con-
founders were assessed by standardized mean differences
which came from a complete imputed data set [28]. A
multivariate full model including factors used in the pro-
pensity score was also performed to verify the results of
the propensity score.

Finally, several sensitivity analyses were performed.
An analysis removing patients who died within 24 h of
hospital admission was carried out to allow sufficient time
for deleterious effects such as lung complications of oxy-
gen to develop, and an analysis on patients with a GCS < 8
as well as an analysis on intubated patients was done. Fur-
thermore, other cutoffs for hyperoxemia were examined
(PaO, > 100 mmHg and PaO,>200mmHg), and the
PaO,/FiO, was explored using the Berlin definition [29].

All tests were two-tailed, and the results were consid-
ered statistically significant when p < 0.05. Analyses were
performed using R statistical software [30].
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Results

Of 6654 adult trauma patients with PaO, values available
in the database, 544 were excluded as they were with-
drawn from life-sustaining therapy and 462 were ex-
cluded as they were hypoxemic on arrival, leaving 5912
patients for analysis (Fig. 1).

The median age was 39 years and the majority were
males (Table 1). More than half of all patients had an
ISS score above 15, and one third presented with TBL
The overall in-hospital mortality was 10%.

On hospital admission, the median PaO, of the en-
tire cohort was 133mmHg: 3342 (57%) were
normoxemic, and 2570 (43%) were hyperoxemic.
Numerous baseline characteristics were significantly
different between normoxemic and hyperoxemic
patients: a higher proportion of hyperoxemic patients
were mechanically ventilated (a comparison of
baseline characteristics between intubated and spon-
taneously breathing patients can be found in
Additional file 2), they had lower prehospital GCS
scores and more suffered from a TBI. On univariate
analysis, the in-hospital mortality was higher for
hyperoxemic patients (12% versus 9%, p <0.0001)
(Table 1).

In a propensity score model, patients were matched
based upon significant determinants of mortality
amongst the baseline characteristics (Table 2). The
model revealed an inverse relationship between hyper-
oxemia and in-hospital mortality: mortality was
significantly decreased in hyperoxemic patients com-
pared to normoxemic patients (OR 0.59 [0.50-0.70],
p<0.0001) and hyperoxemia thus appeared as a pro-
tective factor. The accuracy of the model is presented
in Fig. 2. Here, the balances in potentials confounders
were also checked, and the absolute mean differences
were all less than 5% after using propensity score
(IPTW and matching methods). The multivariate full
model including factors used in propensity score veri-
fied the results of the propensity score (Add-
itional file 3). A complete-case analysis presented very
similar results (OR 0.60 [0.46-0.78], p < 0.0001).

In a sensitivity analysis, where patients deceased within
24 h were excluded, the results remained statistically sig-
nificant (OR 0.63 [0.52-0.76], p < 0.0001) (Table 3).

Likewise, in our subgroup analysis on patients with a
GCS < 8, mortality was also decreased in hyperoxemic
patients (OR 0.69 [0.53—0.89], p = 0.005). The same was
true in a subgroup analysis on intubated patients (OR
0.62 [0.50-0.77], p < 0.0001) (Table 3).

Furthermore, our sensitivity analyses also showed a
beneficial effect on mortality using PaO,/FiO, > 300, and
different cut-off levels for hyperoxemia (PaO,>100
mmHg and PaO, > 200 mmHg) left our results largely
unaltered (Table 3).
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TRAUMABASE

N=10364 Excluded patients

‘ Pa0,< 60 mmHg (n=462)

‘ Age< 17 years (n=381)

Missing PaO, (n= 3329)
*  Withdrawn from life-

COHORT sustaining therapy (n=544)
N=5912

Pa0,< 150 mmHg
n=3342

In-hospital mortality
9%

Fig. 1 Flowchart of the included trauma patients

Pa0,> 150 mmHg
n= 2570

In-hospital mortality
12%

Discussion

In this large observational study of nearly 6000 trauma
patients, we found hyperoxemia above 150 mmHg on
hospital admission to be independently associated with a
significantly decreased in-hospital mortality compared to
normoxemia. This result challenges our initial hypoth-
esis. Our results were unaltered by a sensitivity analysis,
where patients deceased within 24 h were excluded.

The beneficial effects of supplemental oxygen for the
critically ill patient have remained undisputed for
decades and have resulted in international guidelines on
initial trauma management recommending high
fractions of inspired oxygen. However, although it is
suspected that hyperoxemia may be deleterious (due to
increased oxidative stress, vasoconstriction, and potential
hyperoxemic lung injury) [31], the evidence both in
favor and against supplemental oxygen, and thus the risk
of hyperoxemia, is almost non-existent in trauma pa-
tients [19].

Supplemental oxygen seems to possess a potential to
rescue threatened neurons after brain injury or in the is-
chemic penumbra [32, 33], and it is known to prolong
the safe apnea time [34]. Nevertheless, numerous physio-
logic arguments exist against liberal administration of
oxygen in critically ill patients. For example, excess oxy-
gen has been associated with the formation of reactive
oxygen species which are detoxified in the mitochondria
by a variety of antioxidants. Furthermore, acute states
such as shock induce an increased production of reactive
oxygen species worsening the imbalance between pro-
oxidants and antioxidants [6].

In recent years, the optimal targets of both SpO, and
PaO, have therefore been challenged in acutely ill pa-
tients. A large meta-analysis showed increased rates of
mortality for patients with oxygen saturation (SpO,)
above 96% compared to 94-96% [11]. However, as the
trial sequential analysis was driven primarily by a single
large randomized trial [35], the authors were unable to
exclude a small beneficial effect of liberal oxygen. Only
one RCT on trauma patients was included, and here no
effect of liberal oxygen was observed. Another meta-
analysis on patients with cardiac arrest showed beneficial
effects of oxygen intra-arrest while post-arrest arrest
hyperoxemia was associated with increased mortality
[36]. A recent systematic review found a higher all-cause
mortality in ICU patient with hyperoxemia [25];
however, in subgroup analyses on patients with TBI and
patients on mechanical ventilation, results were
inconclusive.

In trauma patients, studies on liberal versus conserva-
tive oxygen approaches are sparse. To date, only two
small RCTs have been done on patients with TBI, and
here, one found difference between a liberal and restrict-
ive oxygen approach on mortality [17], and the other
found no differences in terms of neurological outcome
[37]. Furthermore, the few retrospective studies available
have shown inconsistent results: one recent large study
showed no difference in in-hospital mortality between
hyperoxemic and normoxemic trauma patients [18],
others have shown a deleterious effect of hyperoxemia
[38, 39], and yet two studies have found a strong rela-
tionship between hyperoxemia and better long-term,
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Table 1 Baseline characteristics of all included trauma patients including a comparison of norm- and hyperoxemic patients. Results
are presented as medians with [interquartile ranges], numbers with (percentages), or as otherwise indicated

All patients Normoxemic Hyperoxemic p value
60 < Pa0O, < 150 mmHg PaO, > 150 mmHg
N=5912 n=3342 n=2570

Age 39 [26-55] 41 [17-96] 36 [17-96] < 0.0001
Sex (female) 1273 (21.6) 703 (21.1) 570 (22.3) 03
ASA-score > 1 1903 (34.5) 1168 (37.0) 735 (31.1) < 0.0001
Mechanism of injury

Falls from height 1368 (21.5) 747 (22.4) 521 (20.3) 0.089

Falls from standing 240 (4.1) 132 (4.0) 108 (4.2)

Vehicle incident/collision 3339 (56.5) 1895 (56.7) 1444 (56.2)

Shootings 590 (10.0) 211 (93) 279 (10.9)

Fight 204 (3.5) 117 (3.5) 87 (34)

Other 270 (4.6) 139 (4.2) 131 (5.1)
Site of injury

Head and neck 2823 (51.1) 1461 (46.9) 1362 (64.4) <0.0001

Face 1389 (25.1) 707 (22.7) 682 (28.3) < 0.0001

Abdomen 1833 (33.2) 1022 (32.8) 811 (33.6) 0.56

Chest 2865 (51.8) 1647 (52.9) 1218 (50.5) 0.079

External 924 (16.7) 533 (17.1) 391 (16.2) 0.39

Extremities 3080 (55.7) 1684 (54.1) 1396 (57.9) 0.0055
Duration of prehospital care (minutes), median [IQR] 70 [48-100] 79 [49-97] 70 [45-105] 0.58
Prehospital systolic blood pressure (mmHg) 127 [110-141] 130 [0-256] 124 [0-230] <0.0001
Prehospital heart rate (bpm) 89 [75-105] 88 [0-170] 76 [0-155] <0.0001
Prehospital intubation 1840 (31.7) 651 (19.9) 1189 (47.0) < 0.0001
Prehospital GCS score 15 [11-15] 15 [3-15] 14 [3-15] <0.0001
Values on hospital arrival

pH 74 [73-74] 74 [7.3-74] 7.3 [7.3-74] < 0.0001

Pa0, 133 [93-216] 97 [81-117] 230 [186-308] -

PCO, 40 [35-44] 39 [35-43] 40 [26-45] <0.0001

Temperature (°C) 36.5 [35.9-37.0] 36.6 [26.4-41.0] 36.4 [26.0-40] <0.0001

Lactate (mmol/L) 1.9 [1.2-3.0] 1.8 [0.2-234] 2 [0.2-25] < 0.0001

Creatinine (umol/L) 77 [65-92] 77 [8-1004] 77 [7-926] 0.64

Hemoglobin (mmol/L) 13 [11.5-14.2] 133 [3.9-21.6] 126 [1.1-20.0] <0.0001
Catecholamine administration 815 (14.3) 322 (10.0) 493 (19.9) <0.0001
Fluid replacement 500 [250-1000] 500 [0-7000] 750 [0-5500] <0.0001
ISS score 16 [9-25] 13 [8-24] 18 [10-27] <0.0001

ISS score > 15 2935 (52.9) 1433 (45.9) 1502 (62.0) < 0.0001
Traumatic brain injury 1836 (31.6) 824 (25.1) 1012 (40.1) <0.0001
Hemorrhagic shock 545 (9.4) 202 (6.2) 343 (13.6) <0.0001
In-hospital mortality® 481 (10.0) 239 (8.7) 242 (11.6) <0.0001
Cause of death (available for 426 patients) <001

Hemorrhagic shock 46 (10.8) 21 (10.0) 25 (11.5)

Septic chock 6 (14) 3(14) 3(14)

Multi organ failure 98 (23.0) 59 (28.2) 39 (180)

Brain death 197 (46.2) 85 (40.7) 112 (51.6)
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Table 1 Baseline characteristics of all included trauma patients including a comparison of norm- and hyperoxemic patients. Results
are presented as medians with [interquartile ranges], numbers with (percentages), or as otherwise indicated (Continued)

All patients Normoxemic Hyperoxemic p value
60 < Pa0O, < 150 mmHg PaO, > 150 mmHg
N=5912 n=3342 n=2570
Traumatic brian injury 58 (13.6) 26 (12.4) 32 (14.7)
Other 21 (49) 15 (7.1) 6 (2.8)

The provided pre-hospital vital signs are the first vital signs recorded on-scene

Abbreviations: ASA, American Society of Anesthesiologists; GCS, Glasgow Coma Scale score; ISS, Injury Severity Score; Hemorrhagic shock, defined as administration
of at least four units of packed red blood cells within 6 h; Fluid replacement, mL of colloids and/or crystalloids

#Missing in 18%. Imputated in the propensity score analysis

functional, and cognitive outcomes [24, 40]. As such the
physiologic consequences of hyperoxemia on outcomes
after TBI remain uncovered. In several studies, a de-
crease in cerebral perfusion of up to 30% has been ob-
served in individuals exposed to hyperoxia [41-43],
while other studies have suggested that hyperoxia aids in
one of the cornerstones in treatment of traumatic brain
injury: decreasing intracranial pressure [44—46]. Supple-
mental oxygen could also be beneficial in TBI by simply
increasing the level of oxygen in the brain. In stroke pa-
tients, supplemental oxygen has been proposed to rescue
threatened neurons, and thus the brain, from further de-
terioration [47]. Nonetheless, studies so far have failed

to show an association between supplemental oxygen
and improved physical function [35, 48]. Further re-
search in larger cohorts should look into this to help un-
cover the induced pathways.

In accordance with several of the above studies, we
found a clinical benefit of early hyperoxemia in the
current study. Of note, however, all the latter studies
focus solely on trauma patients with TBI, whereas we
chose to include all trauma patients to present a broader
and more pragmatic perspective, as isolated TBI may
not always be evident in the acute phase. Nonetheless, in
our subgroup analysis of patients with GCS <8, our re-
sults were unchanged.

Table 2 Baseline differences amongst trauma patients that survived to hospital-discharge or died in-hospital. Results are presented
as medians with [interquartile ranges], numbers with (percentages), or as otherwise indicated

In-hospital mortality p value
Survived Deceased
Age 37 [17-96] 53 [17-96] <0.0001
Sex (female) 906 (20.9) 123 (25.6) 0.019
ASA-score > 1 1328 (32.2) 223 (32.8) <0.0001
Prehospital systolic blood pressure (mmHg) 128 [0-237] 129 [0-237] <0.0001
Prehospital heart rate (bpm) 90 [0-240] 85 [0-200] 0.005
Prehospital intubation 1190 (27.8) 365 (77.3) <0.0001
Prehospital GCS score 15 [3-15] 4 [3-15] <0.0001
Values on hospital arrival
PaO, 131 [60-812] 151 [60-609] 0.0M1
Pa0, 2 150 mmHg 1842 (42.4) 242 (50.3) 0.001
Temperature (°C) 36.5 [26.4-40.5] 355 [30.0-41.0] <0.0001
Lactate (mmol/L) 1.9 [0.2-24] 3.5 [04-24] <0.0001
Creatinine (umol/L) 76 (7-1001] 94 [29-950] < 0.0001
Hemoglobin (mmol/L) 13.1 [1.1-21.6] 114 [1.8-19] <0.0001
Catecholamine administration 461 (10.9) 223 (489) < 0.0001
Fluid replacement 500 [0-6500] 1000 [0-5500] <0.0001
ISS score 14 [9-24] 29 [25-41] < 0.0001
ISS score > 15 2024 (48.7) 417 (90.7) < 0.0001
Traumatic brain injury 1209 (28.0) 329 (68.7) <0.0001
Hemorrhagic shock 320 (7.4) 148 (30.8) <0.0001

Abbreviations: ASA, American Society of Anesthesiologists; GCS, Glasgow Coma Scale score; Hemorrhagic shock, defined as administration of at least four units of
packed red blood cells within 6 h; Fluid replacement, mL of colloids and/or crystalloids
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Reference: normoxemic patients

Methods

Pa02< 150 mmHg Pa02z 150 mmHg

n=3342 n=2570
Without adjustment
IPTW 291/3342 286/2570
: il 251/1976 184/1976
Propensity score
Stratified 291/3342 286/2570

In-hospital mortality in normoxemic (60 mmHg <Pa0,< 150 mmHg) and hyperoxemic (Pa0O,= 150 mmHg) trauma
patients using a propensity score model

OR (95% CI) p-value

1.31[1.11-1.56] 0.002
0.59 [0.50-0.70]  <0.0001

0.67 [0.54-0.83]  0.0003

0.63 [0.52-0.70]  <0.0001

* Adjusted for sex, age, prehospital heart rate and systolic blood pressure, temperature, hemoglobin, lactate, airway
management (intubated or not), TBI, initial GCS score, ASA>1 and the presence of hemorrhagic shock.
IPTW: Inverse probability of treatment weighting; 1:1: One-to-one matching; Stratified: Stratified approach

propensity score model

Absolute Mean Differences

Initial GCS score | | oce ‘ v
Hemoglobin - e o ; v
Prehospital intubation | |e ‘ v
Temperature (°C) - *0 : v
Age | |® : v Sample
ISS score>15 4 | * v V' Unadjusted
' © Matched
Systolic blood pressure - e o v s PW
Traumatic brain injury { v
Heartrate | o v‘y
ASA score>1 1 @ v ;
Sex | »7 :
0.0 O‘.l 0.2 0.3

Fig. 2 In-hospital mortality in normoxemic (60 mmHg <PaO, < 150 mmHg) and hyperoxemic (PaO, > 150 mmHg) trauma patients using a

Table 3 Sensitivity analyses. In-hospital mortality amongst subgroups of trauma patients (reference: Normoxemia)

Subgroup
Survival beyond 24 h
GCS<8

Mechanically ventilated patients

Cutoffs for hyperoxemia
PaO,/FiO, 2 300

Pa0, 2 100 mmHg

PaO, =2 200 mmHg

Propensity score (IPTW)
Without adjustment
Propensity score (IPTW)
Without adjustment

Propensity score (IPTW)

Without adjustment
Propensity score (IPTW)
Without adjustment
Propensity score (IPTW)
Without adjustment

Propensity score (IPTW)

0.63 [0.52-0.75]
0.55 [0.43-0.71]
0.69 [0.53-0.89]
0.52 [0.42-0.65]
0.62 [0.50-0.77]

0.32 [0.27-0.38]
0.74 [0.62-0.88]
1.03 [0.86-1.25]
0.54 [0.46-0.64]
1.38 [1.15-1.65]
0.72 [0.59-0.87]

<0.0001
< 0.0001
0.005

<0.0001
< 0.0001

< 0.0001
0.0007
0.73

< 0.0001
0.0005
0.0006

GCS Glasgow Coma Scale, IPTW inverse probability of treatment weighting
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The comparison of studies on hyperoxemia is difficult
as some studies compare SpO, values, others FiO,
values, and others PaO, values. Besides, when utilizing
the PaO,, there is no consensus on the arbitrarily prede-
termined PaO, cut-off [25]. In the current study, we
chose to use 150 mmHg as the threshold for hyperoxe-
mia as it presented a large percentage of our population
(43%), and in addition, this approach has been used pre-
viously [22-25]. Numerous other studies have chosen
values above 300mmHg to present hyperoxemia,
thereby considering values below 300 mmHg as nor-
moxemic, which appears problematic. Furthermore,
many studies have used the worst PaO, (the highest
Pa0,) as their exposure variable [49, 50]. We chose to
use the first PaO, recorded at hospital admission to re-
flect the pre-hospital treatment. This has previously been
done [38, 51]. Finally, the exposure duration should also
be taken into account. As such, the attempt to answer
whether or not hyperoxemia is harmful—in any patient
population—should always aim to consider the variable
measured (SpO,, PaO, or FiO,), the concentration of
the given variable, and the exposure duration.

Our results reflect the liberal use of pre-hospital oxy-
gen administration of severe trauma patients, and we
found a high percentage (43%) of patients with hyperox-
emia at hospital admission. Although the duration of
hyperoxemia in our study must be assumed to be rela-
tively short (mean prehospital time from trauma until
admission of 70 min), several studies have found that
deleterious effects of hyperoxemia may occur already
during the first hours of administration. For example,
both human and animal data have shown development
of lung injury after just a few hours of exposure to
hyperoxemia [10, 22, 52]. Furthermore, prehospital sup-
plemental oxygen administration for patients with myo-
cardial infarction has been associated with increased
myocardial injury and infarct size at 6 months [53], and
in a recent study, an association between an even shorter
exposure time to hyperoxia and mortality was found in
mechanically ventilated patients in the emergency de-
partment [14].

Nevertheless, in a recent small single center observa-
tional study, authors found no impact on 30-day mortal-
ity in trauma patients with early hyperoxemia [54], and
in our current study on trauma patients, we even found
a significant association between hyperoxemia on admis-
sion and decreased mortality compared to normoxemia
on admission. The threshold for potentially toxic con-
centrations and duration of administration of oxygen are
poorly defined, and the mechanisms behind a favorable
effect may, at least partly, be explained by hemodynamic
stabilization during shock, improvement in tissue bed
oxygenation in both peri-contusional and remote neur-
onal tissue, and more aerobic neural metabolic profiles
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[55]. These could be some of the explanation behind a
positive effect of short-term hyperoxemia in the current
study along with the actual ability of the affected individ-
ual to increase their PaO, as demonstrated in the PaO,/
FiO, sensitivity analysis. Regarding the exact threshold,
the current study also shows that this may point towards
mild hyperoxemia being the most beneficial, as the bene-
ficial effect seemed to decrease when a higher PaO, was
used to define hyperoxemia.

Limitations

The primary limitation of the current study lies within
its retrospective design, where, for instance, missing data
often is seen. In our study, in-hospital mortality was un-
fortunately missing in 18%. Furthermore, the PaO, value
was also missing in a substantial proportion of patients,
leaving these patients for exclusion. It is impossible to
know whether these were missing completely at random
or not. However, for a large proportion, they seem to be
missing completely at random, as other results of an ar-
terial blood gas were available. Nonetheless, the large
number of included patients allowed not only the pro-
pensity score analysis to include all the necessary vari-
ables for corrections but also important subgroup
analyses. One must, however, keep in mind that the risk
of hidden confounders still exists. Furthermore, although
the first PaO, recorded at hospital admission partly
represents the prehospital management, the median of
several consecutive PaO,’s may have provided a more
accurate picture. Moreover, in contrast to some other
retrospective studies, we chose not to include a compari-
son group of hypoxemic patients, as the deleterious ef-
fect of hypoxemia is well established. This allows a
cleaner comparison to the randomized trials available,
where randomization is aimed at normoxemia versus
hyperoxemia, thus not including a hypoxemic group.

We chose in-hospital mortality as our primary out-
come as this seemed to be the most patient centered
outcome available in the database. However, in future
studies, other outcomes such as lactate levels and cat-
echolamine administration could be interesting to look
at, to gain a deeper understanding of the resulting
physiological changes with different PaO, levels.

Finally, the results of this study are based upon the
French pre-hospital system which is characterized by the
presence of emergency physicians in the field. The char-
acteristics of the patients and the nature of their initial
management can therefore not easily be extrapolated to
EMS systems in other countries. Our results must there-
fore be compared with other systems of prehospital care.

Conclusion
In the current study, we found early hyperoxemia in se-
vere trauma patients to be associated with a reduced in-
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hospital mortality. This result may support systematic
administration of oxygen in trauma patients during the
initial management in the prehospital setting, but the
retrospective nature of the study warrants its careful in-
terpretation. The study calls for a randomized clinical
trial to further investigate this association.
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