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Abstract

Background: Information on hyperoxemia among patients with trauma has been limited, other than traumatic
brain injuries. This study aimed to elucidate whether hyperoxemia during resuscitation of patients with trauma was
associated with unfavorable outcomes.

Methods: A post hoc analysis of a prospective observational study was carried out at 39 tertiary hospitals in 2016–
2018 in adult patients with trauma and injury severity score (ISS) of > 15. Hyperoxemia during resuscitation was
defined as PaO2 of ≥ 300 mmHg on hospital arrival and/or 3 h after arrival. Intensive care unit (ICU)-free days were
compared between patients with and without hyperoxemia. An inverse probability of treatment weighting (IPW)
analysis was conducted to adjust patient characteristics including age, injury mechanism, comorbidities, vital signs
on presentation, chest injury severity, and ISS. Analyses were stratified with intubation status at the emergency
department (ED). The association between biomarkers and ICU length of stay were then analyzed with multivariate
models.

Results: Among 295 severely injured trauma patients registered, 240 were eligible for analysis. Patients in the
hyperoxemia group (n = 58) had shorter ICU-free days than those in the non-hyperoxemia group [17 (10–21) vs 23
(16–26), p < 0.001]. IPW analysis revealed the association between hyperoxemia and prolonged ICU stay among
patients not intubated at the ED [ICU-free days = 16 (12–22) vs 23 (19–26), p = 0.004], but not among those
intubated at the ED [18 (9–20) vs 15 (8–23), p = 0.777]. In the hyperoxemia group, high inflammatory markers such
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as soluble RAGE and HMGB-1, as well as low lung-protective proteins such as surfactant protein D and Clara cell
secretory protein, were associated with prolonged ICU stay.

Conclusions: Hyperoxemia until 3 h after hospital arrival was associated with prolonged ICU stay among severely
injured trauma patients not intubated at the ED.

Trial registration: UMIN-CTR, UMIN000019588. Registered on November 15, 2015.

Keywords: Hyperoxemia, Hyperoxia, Trauma, Critically ill, ICU length of stay, Mortality

Background
Oxygen administration has a vital role in the manage-
ment of critically ill patients [1, 2]. However, supraphy-
siological oxygen tension in the blood and/or tissue,
hyperoxemia, has been reported to affect mortality and
intensive care unit (ICU) length of stay in different dis-
eases [1, 3–5], such as traumatic brain injury [6, 7],
post-cardiac arrest syndrome [8, 9], and post-cardiac
surgery [10]. Moreover, various studies revealed that un-
necessarily high fraction of inspired oxygen (FiO2) was
also associated with increased mortality of critically ill
patients [11, 12], including sepsis [13, 14].
As several pathophysiological mechanisms behind

harmful effects of hyperoxemia have been investi-
gated, brain injury and pulmonary toxicity are empha-
sized as pivotal causes of unfavorable clinical
outcomes in critically ill patient [15, 16]. Paradoxical
reduction of oxygen delivery to the brain, due to vas-
cular constriction and mitochondrial dysfunction, was
observed in patients with traumatic/ischemic brain in-
jury who experienced hyperoxemia [15, 17]. In
addition, alveolar capillary injuries and pulmonary
vasoconstriction inhibition by redundant reactive oxy-
gen species with hyperoxemia was found in patients
treated with mechanical ventilation [16, 18]. Further-
more, some basic studies suggested that hyperoxemia-
induced acute lung injury (ALI) was exaggerated by
inflammatory or lung-related biomarkers [19, 20].
Given that other subsets of critically ill patients,

such as severely injured trauma patients, suffer from
systematic inflammation, this population would be po-
tentially affected by hyperoxemia. However, studies on
clinical consequences of trauma patients who were
exposed to hyperoxemia have been limited other than
traumatic brain injury [21, 22]. Accordingly, this
study aimed to elucidate whether hyperoxemia during
resuscitation was associated with unfavorable clinical
outcomes of trauma patients with severe injuries. We
hypothesized that hyperoxemia exposure in the first 3
h after hospital arrival was associated with prolonged
ICU stay. We also investigated the inflammatory and
lung-protective biomarkers in patients with hyperoxe-
mia to determine pathophysiological backgrounds of
its potential harm.

Methods
Study design and settings
This study was a post hoc analysis of a nationwide mul-
ticenter prospective descriptive study conducted by the
Japanese Association for Acute Medicine (JAAM) Fo-
cused Outcomes Research in Emergency Care in Acute
Respiratory Distress Syndrome, Sepsis and Trauma
(FORECAST) study group from April 1, 2016, to January
31, 2018. Patient data including blood samples were ob-
tained from 39 emergency departments (EDs) and ICUs
in tertiary hospitals [23]. The FORECAST TRAUMA
study was registered at the University Hospital Medical
Information Network Clinical Trial Registry on Novem-
ber 15, 2015 (UMIN-CTR ID, UMIN000019588). The
JAAM approved this study, and all collaborating hospi-
tals obtained approval of their individual institutional re-
view board (IRB) for conducting research with human
participants (approval number JAAM, 2014-01; approval
number 014-0307 from Hokkaido University Graduate
School of Medicine, Head institute of the FORECAST
group; and approval number 20150056 from the Keio
University School of Medicine Keio, institute of the cor-
responding author). This study was performed in ac-
cordance with the Declaration of Helsinki, and written
informed consent was obtained from patients or their
next of kin.

Study population
The JAAM FORECAST TRAUMA study enrolled se-
verely injured adult trauma patients (1) who were aged ≥
16 years, (2) with injury severity score (ISS) of ≥ 16, and
(3) who were directly transported from the scene. Pa-
tients without any available arterial partial pressure of
oxygen (PaO2) data within 3 h after hospital arrival were
excluded. The size of the study population was
dependent on the study period.

Data collection and definition
Patient data were prospectively collected and entered
into an online data collection portal by treating physi-
cians or volunteer registrars designated by each hospital.
Available data included patient demographics, injury
mechanism, vital signs on scene and hospital arrival, ab-
breviated injury scale (AIS), ISS, sequential organ failure
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assessment score, laboratory data including arterial
blood gas and inflammatory and lung-related biomarkers
(soluble receptor for advanced glycation end-products
[sRAGE], high mobility group box-1 (HMGB-1), surfac-
tant protein D [SPD], Clara cell secretory protein
[CCSP], and interleukin-8 [IL-8]), amount of transfusion,
resuscitative procedure conducted at the ED, any surgi-
cal procedures or angiography, ICU and hospital length
of stay, and survival status at discharge.
Arterial blood gas was obtained on arrival and at 3 h

post-admission without any prespecified exception, and
hyperoxemia was defined as PaO2 of ≥ 300 mmHg.
Hyperoxemia during resuscitation was defined as hyper-
oxemia on hospital arrival and/or at 3 h after admission.
Inflammatory and lung-related biomarkers were ob-
tained at the ED. The Charlson index was scored to as-
sess comorbidities [24]. Isolated brain injury was defined
as a head AIS of ≥ 3 and other regions of ≤ 1.

Outcome measures
The primary outcome was ICU-free days until day 28, a
composite of in-hospital mortality and ICU length of
stay, defined as the number of days alive and out of the
ICU between the day of hospital arrival and 28 days
later. Secondary outcomes included survival to discharge
and ventilator-free days until day 28.

Statistical analysis
Patients were divided into hyperoxemia and non-
hyperoxemia groups. The hyperoxemia group consisted
of patients who experienced hyperoxemia during resus-
citation (hyperoxemia on hospital arrival and/or at 3 h
after admission), whereas the non-hyperoxemia group
consisted of patients in whom hyperoxemia was not ob-
served both on hospital arrival and at 3 h after admis-
sion. Considering that oxygen exposure during
resuscitation and its pathophysiological effect on the
pulmonary tissue would significantly differ between pa-
tient on mechanical ventilation and those who were not,
analyses were performed on the whole population and
those who were divided based on the intubation status
at the ED. Unadjusted analysis was performed on the
ICU-free days using the Mann–Whitney U test, and
between-group differences were presented using the
Hodges–Lehmann estimator of the median of all paired
differences with 95% confidence intervals (CIs).
To adjust patient characteristics between the two

groups, inverse probability of treatment weighting (IPW)
analyses with propensity scores were performed to com-
pare primary and secondary outcomes [25]. The propen-
sity score was developed using the logistic regression
model to estimate the probability of being assigned to
the hyperoxemia group compared with the non-
hyperoxemia group [26]. Relevant covariates were

carefully selected from known or possible unfavorable
clinical outcome predictors in trauma patients based on
previous studies (such as age, comorbidities, injury
mechanism, ISS, degree of chest injury, and requirement
of tube thoracotomy), intubation status at the ED, and
vital signs on hospital arrival. All of this information was
subsequently entered into the propensity model [27–29],
in which patients with missing covariates were excluded
from the propensity score calculation. The precision of
propensity score discrimination was analyzed using the
c-statistic [26]. IPW analyses were then performed as ad-
justed analyses, in which primary and secondary out-
comes were compared using Mann–Whitney U tests
and chi-square tests [25]. IPW was performed with re-
striction, in which patient data with ≤ 0.1 or ≥ 0.9 of the
propensity score were not used to avoid extreme
weights. Between-group differences were presented
using the Hodges–Lehmann estimator with 95% CIs.
Subgroup analyses were performed to further interpre-

tate primary results. IPW analyses on the primary out-
come were repeated after excluding patients who
experienced hypoxia during resuscitation, defined as
PaO2 of < 60 mmHg within 3 h of hospital arrival. An-
other subgroup analysis was conducted after excluding
patients with persistent hyperoxemia, defined as PaO2 of
≥ 300 mmHg both on hospital arrival and at 3 h after
admission. Moreover, subgroup analysis was performed
after excluding patients with isolated brain injury.
Furthermore, to investigate pathophysiological back-

grounds of potential harm of hyperoxemia, effects of in-
flammatory and lung-protective biomarkers on the ICU
length of stay were evaluated among patients treated
with hyperoxemia. Each biomarker was analyzed along
with intubation status at the ED, using ordinal logistic
regression analysis after adjustment by IPW.
Descriptive statistics are presented as median (inter-

quartile range) or number (percentage) and compared
using Mann–Whitney U tests, Chi-square tests, or Fish-
er’s exact tests, as appropriate. Missing/ambitious values
were used without manipulation. To test for all hypoth-
eses, a two-sided α threshold of 0.05 was considered sta-
tistically significant. All statistical analyses were
conducted using the SPSS, version 26.0 (IBM, Armonk,
NY, USA) and Microsoft Excel (Microsoft, Redmond,
WA, USA).

Results
A total of 295 patients with severe injuries were regis-
tered in the JAAM FORECAST TRAUMA study.
Among them, 244 with available PaO2 within 3 h of hos-
pital arrival were eligible for this study. Figure 1 summa-
rizes the patient flow diagram.
Fifty-eight patients were exposed to hyperoxemia

(PaO2 of ≥ 300 mmHg) within 3 h of arrival and
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included in the hyperoxemia group, whereas 186 were
not exposed to hyperoxemia and included in the non-
hyperoxemia group. Table 1 summarizes patient charac-
teristics. Compared with the non-hyperoxemia group,
patients in the hyperoxemia group had lower Glasgow
Coma Scale score [6 (3–13) vs 14 (11–15)] and higher
ISS [29 (25–3) vs 26 (19–34)]. Furthermore, more pa-
tients in the hyperoxemia group required higher amount
of blood products [red blood cell = 0 (0–4) vs 0 (0–2)
and fresh frozen plasma = 0 (0–6) vs 0 (0–4)], had
undergone craniotomy and angiography [19 (32.8%) vs
19 (10.5%) and 21 (36.2%) vs 37 (20.4%), respectively],
and were intubated at the ED [47 (81.0%) vs 58 (31.2%)].
Arterial blood gas analyses and inflammatory bio-

markers are shown in Table 2. PaO2, FiO2, and PaO2/
FiO2 (P/F) ratio on hospital arrival and at 3 h after ad-
mission were higher among patients in the hyperoxemia
group than those in the non-hyperoxemia group. The
median PaCO2 on hospital arrival and at 3 h after ad-
mission was comparable between the two groups. In-
flammatory and lung-protective biomarkers were
available in 83 patients and also comparable between the
two groups, except for HMGB-1 that was higher in pa-
tients with hyperoxemia than those without [20.6 (11.0–
46.6) vs 13.7 (8.7–22.1)].
The propensity model predicting allocation to the

hyperoxemia group was confirmed to have appropriate
discrimination (c-statistic = 0.858), in which three pa-
tients were excluded due to missing covariates for the
propensity score calculation. Patient characteristics after
IPW are summarized in Table 1, in which most covari-
ates were successfully adjusted.

ICU-free days were significantly fewer among patients
exposed to hyperoxemia within 3 h after admission,
compared with those not exposed to hyperoxemia in the
unadjusted analysis [17 (10–21) vs 23 (16–26) days; dif-
ference in median = − 4 days (95% CI = − 2 to − 7 days);
p < 0.001; Table 3]. IPW analysis revealed that hyperoxe-
mia during resuscitation was significantly associated with
prolonged ICU stay among patients not intubated at the
ED [ICU-free days = 16 (12–22) vs 23 (19–26); median
difference = − 5 (− 3 to − 10) days; p = 0.004], but not
among those intubated at the ED [ICU-free days = 18
(9–20) vs 15 (8–23); median difference = 0 (− 3 to 3)
days; p = 0.777]. IPW analysis also identified that hyper-
oxemia exposure during resuscitation was associated
with fewer ventilator-free days among patients not intu-
bated [25 (15–26) vs 28 (23–28); p = 0.014], but not
among those intubated at the ED. Survival to discharge
were comparable between the two groups.
Subgroup analysis, excluding patients who experienced

hypoxia (PaO2 of < 60 mmHg) within 3 h after hospital
arrival, also revealed the association between hyperoxe-
mia and prolonged ICU stay among patients not intu-
bated at the ED [ICU-free days = 16 (12–22) vs 23 (20–
26); median difference = − 5 (− 3 to − 10) days; p =
0.003; Table S1 (Additional file 1)]. Another subgroup
analysis excluding patients with isolated brain injury re-
vealed similar results [ICU-free days = 16 (12–22) vs 22
(19–26); median difference = − 5 (− 2 to − 10) days; p =
0.006; Table S1 (Additional file 1)]. Conversely, the ana-
lyses on patients without persistent hyperoxemia showed
comparable ICU-free days between those with or with-
out hyperoxemia on hospital arrival (ICU-free days = 16

Fig. 1 Patient flow diagram. A total of 295 patients with severe injuries were registered in the JAAM FORECAST TRAUMA study, which enrolled
patients (1) aged ≥ 16 years, (2) with injury severity score (ISS) of ≥ 16, and (3) directly transported from the scene. Among them, 244 with
available PaO2 within 3 h after hospital arrival were eligible for this study. Fifty-eight patients exposed to hyperoxemia (PaO2 ≥ 300 mmHg)
within 3 h after arrival were included in the hyperoxemia group, whereas 186 not exposed to hyperoxemia were included in the
non-hyperoxemia group
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(5–25) vs 22 (19–26); median difference = − 5 (− 16 to 3)
days; p = 0.300).
Among patients in the hyperoxemia group, higher

inflammatory biomarkers including sRAGE and
HMGB-1 were associated with prolonged ICU stay
[sRAGE (pg/mL), − 3.2 (− 5.1 to − 1.2) ICU-free days
and HMGB-1 (ng/mL), − 1.5 (− 3.0 to − 0.1) ICU-
free days; Fig. 2], whereas higher lung-protective pro-
teins including SPD and CCSP were associated
shorter ICU stay [SPD (ng/mL), 4.0 (1.7 to 6.3) ICU-
free days and CCSP (ng/mL), 3.8 (1.1 to 6.4) ICU-free
days; Fig. 2].

Discussion
In these post hoc analyses of a nationwide multicenter
prospective observational study, hyperoxemia during the
initial resuscitation was found to be associated with pro-
longed ICU stay. This relationship was validated among
patients not treated with mechanical ventilation at the
ED, using IPW analyses that adjusted several prognostic
factors. Notably, the observed association was consistent
across several subgroup analyses.
Several reasons could be considered for the relation-

ship between hyperoxemia exposure and prolonged ICU
stay among severely injured trauma patients. First,

Table 1 Characteristics of patients with and without hyperoxemia

Case Unadjusted After IPWa

Hyperoxemia Non-hyperoxemia P value Hyperoxemia Non-
hyperoxemia

P
value58 186

Age, years, median (IQR) 49 (35–67) 60 (46–75) 0.022 50 (31–65) 53 (37–69) 0.175

Sex, male, n (%) 34 (58.6%) 126 (67.7%) 0.202 83 (64.8%) 85 (65.9%) 0.860

Injury mechanism, blunt, n (%) 56 (98.2%) 180 (97.3%) 1.000 123 (97.6%) 125 (97.7%) 1.000

Comorbidities (Charlson index), median (IQR) 0 (0–0) 0 (0–0) 0.281 0 (0–0) 0 (0–0) 0.007

Vital signs on arrival, median (IQR)

GCS 6 (3–13) 14 (11–15) < 0.001 8 (5–14) 10 (6–14) 0.557

RR 21 (18–28) 21 (18–26) 0.687 20 (16–26) 20 (15–28) 0.696

HR 96 (77–120) 90 (73–102) 0.083 96 (80–120) 90 (73–110) 0.153

BP systolic, mmHg 124 (90–147) 129 (103–154) 0.353 133 (103-151) 123 (83–158) 0.220

Injury severity, median (IQR)

AIS—head 4 (0–5) 2 (0–4) < 0.001 4 (0–5) 4 (0–5) 0.663

AIS—chest 3 (0–4) 3 (0–4) 0.039 3 (0–4) 3 (0–4) 0.136

ISS 29 (25–38) 26 (19–34) 0.001 29 (25–38) 29 (25–38) 0.352

SOFA score 10 (8–11) 8 (6–10) 0.001 9 (7–11) 8 (7–11) 0.703

Cardiac arrest after arrival, n (%) 1 (1.7%) 2 (1.1%) 0.559 2 (1.6%) 4 (3.1%) 0.684

Treatment

Tube thoracotomy, n (%) 13 (22.4%) 44 (23.7%) 0.845 32 (25.0%) 40 (31.0%) 0.284

Intubation at ED, n (%) 47 (81.0%) 58 (31.2%) < 0.001 90 (70.3%) 96 (74.4%) 0.462

Transfusionb, U, median (IQR)

RBC 0 (0–4) 0 (0–2) 0.017 0 (0–4) 0 (0–6) 0.230

FFP 0 (0–6) 0 (0–4) 0.024 0 (0–4) 0 (0–6) 0.218

Platelet 0 (0–0) 0 (0–0) 0.276 0 (0–0) 0 (0–0) 0.178

Hemostatic procedure, n (%)

Craniotomy 19 (32.8%) 19 (10.5%) < 0.001 37 (28.9%) 29 (23.2%) 0.301

Thoracotomy 2 (3.4%) 2 (1.1%) 0.248 4 (3.1%) 1 (0.8%) 0.181

Laparotomy 6 (10.3%) 13 (7.2%) 0.438 11 (8.7%) 10 (8.0%) 0.849

Angiography 21 (36.2%) 37 (20.4%) 0.015 34 (26.6%) 32 (25.4%) 0.832

IPW inverse probability weighting, GCS Glasgow Coma Scale, RR respiratory rate, HR heart rate, BP blood pressure, AIS Abbreviated Injury Scale, ISS Injury Severity
Score, SOFA sequential organ failure assessment, ED emergency department, RBC red blood cell, FFP flesh frozen plasma
aIPW was performed using propensity scores, and data were presented after excluding patients with propensity score of < 0.1 or > 0.9 bAmount of transfusion
was calculated until 3 h after hospital arrival
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hyperoxemia might have affected study participants who
had moderate-to-severe traumatic brain injury. Although
results on clinical consequences have been conflicting
[30, 31], previous studies on traumatic brain injury re-
ported that improvement of mitochondrial function in
the injured cerebral tissue was not obtained by increas-
ing FiO2 to 1.0 from 0.5. In addition, supranormal oxy-
gen levels in the cerebral blood have been reported to
suppress cell metabolism, resulting in paradoxical

neuronal death [30, 32]. Second, supraphysiologic FiO2,
hyperoxia, could induce ALI among considerable num-
ber of patients exposed to hyperoxemia. Several studies
suggested that hyperoxia-induced ALI should be consid-
ered when FiO2 exceeds 0.6–0.7 and may become prob-
lematic when FiO2 exceeds 0.8 [33, 34]. In this study,
the significantly higher FiO2 on hospital arrival was ob-
served in the hyperoxemia group [1.0 (0.8–1.0)], and the
higher FiO2 remained even at 3 h after admission. It
should be also emphasized that the association between
higher amount of lung-protective biomarkers and
shorter ICU length of stay was observed in the hyperox-
emia group, including CCSP, an important protein
against oxidative stress in the respiratory system [35],
and SPD, a pulmonary collectin against oxidative injury
[36, 37].
Furthermore, systemic and/or lung tissue inflamma-

tion following severe injuries would have affected the
baseline condition before hyperoxemia exposure. Given
that animal studies found pre-administration of anti-
inflammatory medication attenuated hyperoxia-induced
ALI [38], systemic inflammation caused by trauma and/
or chest injury itself would magnify the adverse effects
of hyperoxia and hyperoxemia. Indeed, this study found
that higher inflammatory biomarkers such as sRAGE
and HMGB-1 were associated with unfavorable out-
comes among patients exposed to hyperoxemia: sRAGE
is a central cell surface receptor for HMGB-1, and both
sRAGE and HMGB-1 are involved in the host response
to injury, infection, and inflammation [39, 40].
Although a recent retrospective study on trauma pa-

tients reported that PaO2 of ≥ 150 mmHg on hospital
admission was related to decreased in-hospital mortality,
several differences should be noted in this study. First,

Table 2 Arterial blood gas and biomarkers in patients with
hyperoxemia and non-hyperoxemia

Hyperoxemia Non-hyperoxemia P value

Arterial blood gas on arrival, median (IQR)

PaO2, mmHg 355 (304–413) 112 (78–192) < 0.001

FiO2 1.0 (0.8–1.0) 0.6 (0.3–1.0) < 0.001

P/F ratio, mmHg 389 (308–481) 251 (139–391) < 0.001

PaCO2, mmHg 40 (36–44) 38 (34–44) 0.256

Arterial blood gas at 3 h, median (IQR)

PaO2, mmHg 205 (127–311) 104 (82–163) < 0.001

FiO2 0.5 (0.4–0.6) 0.4 (0.2–0.5) < 0.001

P/F ratio, mmHg 424 (321–527) 344 (229–446) < 0.001

PaCO2, mmHg 40 (37–45) 40 (35–45) 0.517

Biomarkers on arrival, median (IQR)

sRAGE, pg/mL 1446 (596–2786) 1046 (724–2216) 0.530

HMGB-1, ng/mL 20.6 (11.0–46.6) 13.7 (8.7–22.1) 0.023

SPD, ng/mL 32.0 (17.2–47.6) 30.5 (17.4–47.6) 0.952

CCSP, ng/mL 13.6 (8.5–22.0) 9.2 (6.5–17.5) 0.086

IL-8, pg/mL 18.2 (8.0–29.4) 11.4 (8.0–29.8) 0.230

P/F PaO2/FiO2, IQR interquartile range, sRAGE soluble receptor for advanced
glycation end-products, HMGB-1 high mobility group box-1, SPD surfactant
protein D, CCSP Clara cell secretory protein, IL interleukin

Table 3 Hyperoxemia and ICU-free days

Hyperoxemia Non-hyperoxemia Difference 95% CI P value

Unadjusted analyses

ICU-free days until day 28, median (IQR) 17 (10–21) 23 (16–26) − 4 − 2 to − 7 < 0.001

- Intubated at ED 17 (11–20) 15 (8–23) 0 − 3 to 4 0.832

- Not intubated at ED 22 (10–28) 24 (21–27) − 2 − 9 to 2 0.356

IPWa

ICU-free days until day 28, median (IQR) 16 (10–22) 19 (12–24) − 2 − 4 to 0 0.123

- Intubated at ED 18 (9–20) 15 (8–23) 0 − 3 to 3 0.777

- Not intubated at ED 16 (12–22) 23 (19–26) − 5 −3 to − 10 0.004

Ventilator-free days until day 28, median (IQR) 19 (10–26) 22 (7–27) − 1 − 3 to 0 0.123

- Intubated at ED 18 (0–20) 18 (4–25) 0 − 4 to 0 0.265

- Not intubated at ED 25 (15–26) 28 (23–28) − 2 − 3 to 0 0.014

Survival rate 85.2% 82.7% OR = 1.21 0.62 to 2.35 0.590

CI confidence interval, IQR interquartile range, ED emergency department, IPW inverse probability weighting
aIPW was performed using propensity scores, and data were presented after excluding patients with propensity score of < 0.1 or > 0.9
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the definition of hyperoxemia is different; patients with
hyperoxemia (PaO2 of ≥ 150 mmHg) in the abovemen-
tioned study included only small number of patients ex-
posed to PaO2 of ≥ 300 mmHg [median PaO2 was 230
(186–308) mmHg], although the harmful effect of hyper-
oxemia has been identified at PaO2 of ≥ 300 mmHg
among critically ill patients [41, 42]. Second, hyperoxemia
during resuscitation (on hospital arrival and at 3 h after
admission) was examined in the current study because in-
vestigating only PaO2 on arrival would reflect prehospital
treatment, rather than in-hospital critical care of trauma
patients. Third, FiO2- and lung-related biomarkers were
not measured in the abovementioned study, although
hyperoxia-induced ALI has been suggested as a potential
cause of unfavorable clinical outcomes in patients who ex-
perienced hyperoxemia [16, 18].
The harm of hyperoxemia during resuscitation was

not confirmed in patients intubated at the ED in this
study, probably because precise control over FiO2 during
the lung-protective ventilation: Minimizing the length of
exposure time to hyperoxia (supraphysiologic FiO2)
would have diminished the relatively small degree of
deleterious effects of hyperoxemia. The comparable
mortality between the hyperoxemia and non-
hyperoxemia groups obtained in this study is similar to
that of a retrospective study on wartime pediatric
trauma patients, which revealed no survival benefits of
normoxia over hyperoxemia [21]. Considering that dif-
ferences in the median ICU-free days between the two
groups were only a few days in this study, prospective
study involving sufficient number of patients should be
conducted to confirm the possible harm of hyperoxemia
in trauma patients.
The results of this study must be interpreted within

the context of the study design. Post hoc analyses of the
FORECAST TRAUMA study were conducted, which did
not record indications of oxygen administration. Thus,
our results could have been different if the respiratory
condition during resuscitation had contained unrecorded
strong prognostic factors. Another limitation is that

variables relating to neurologic and pulmonary function
were not available in the database. Although
hyperoxemia-induced brain injury and ALI could be
considered main causes of prolonged ICU stay following
hyperoxemia exposure, objective data did not directly
validate such physiological mechanism. Moreover, only
hyperoxemia on hospital arrival and at 3 h after admis-
sion were investigated. Previous studies on hyperoxemia
in various critically ill patients reported that clinical out-
comes were different depending on timing (arrival,
within a few hours, or within a day), definition (PaO2 ≥
300 mmHg, ≥ 400 mmHg, or highest quartile of ob-
served data), and obtained data (highest, lowest, or de-
fined time point) for hyperoxemia [1, 9, 42]. Therefore,
our results would vary if PaO2 was measured at different
time points or if hyperoxemia was differently defined.
Furthermore, this study was not designed to examine
whether hyperoxemia would be more harmful than hyp-
oxia. Considering that various studies reported the
harmfulness of hypoxia during trauma resuscitation,
hypoxia should be avoided more reliably. Finally, some
biases could not be adjusted with IPW: some variables
for propensity score calculation such as vital signs on ar-
rival could be intermediate variables between prehospital
hyperoxemia and outcomes, and survival bias would
exist because hyperoxemia was defined based on PaO2

within 3 h after admission.

Conclusions
This study identified that hyperoxemia within 3 h after
hospital arrival was associated with prolonged ICU stay
among severely injured trauma patients not intubated at
the ED. Further research is necessary to elucidate the
harmful effect of different degrees and durations of
hyperoxemia exposure.
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