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ABSTRACT

Purpose: Our study aimed to explore the association between early hyperoxemia of the first 24 h on outcomes in
patients with severe blunt chest trauma.

Materials and methods: In a level | trauma center, we conducted a retrospective study of 426 consecutive patients.
Hyperoxemic groups were classified in severe (average PaO, > 200 mmHg), moderate (2150 and < 200 mmHg)

gfﬂocrg;t trauma or mild (> 100 and < 200 mmHg) and compared to control group (260 and < 100 mmHg) using a propensity
Hyperoxia score based analysis. The first endpoint was the incidence of a composite outcome including death and
ARDS hospital-acquired pneumonia occurring from admission to day 28. The secondary endpoints were the incidence
Pneumonia of death, the number of hospital-acquired pneumonia, mechanical ventilation-free days and intensive care unit-
Critical care free day at day 28.

Mechanical ventilation Results: The incidence of the composite endpoint was lower in the severe hyperoxemia group(OR, 0.25; 95%ClI,

0.09-0.73; P < 0.001) compared with control. The 28-day mortality incidence was lower in severe (OR, 0.23;
95%Cl, 0.08-0.68; P < 0.001) hyperoxemia group (OR, 0.41; 95%CI, 0.17-0.97; P = 0.04). Significant association
was found between hyperoxemia and secondary outcomes.

Conclusion: In our cohort early hyperoxemia during the first 24 h of admission after severe blunt chest trauma

was not associated with worse outcome.

1. Background

Trauma is the leading cause of mortality and morbidity in active
population, representing a significant burden for the community [1,2].
Blunt chest trauma is found in nearly 50% of trauma [2]. It has an attrib-
utable mortality rate of around 30% [2]. Lung injury may lead to organ
failure by hypoxia and aggravate associated injuries through impaired
blood gas exchange [3-5].

Patients with blunt chest trauma require oxygen administration and
mechanical ventilation to prevent hypoxia [6]. However, In trauma pa-
tients, guidelines do not advise how oxygen should be administered,
the main goal being to prevent hypoxemia [6-8]. Eskesen et al. found
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that half of trauma patients administered with prehospital oxygen
were hyperoxemic. [9] In a prospective study, McMullan et al. reported
that prehospital oxygen was administered to 63% of trauma patients,
while no indication was found in 25% of cases [ 10]. Liberal use of oxygen
can result in hyperoxemia, the effects of which remain uncertain in view
of the clinical research in the field and depending on the patient popu-
lation [11-14].

To the best of our knowledge, no study has been conducted to assess
the effect of hyperoxemia in the early phase of the management of pa-
tients with severe blunt chest trauma [8]. Our retrospective study
aimed to assess the effect of early hyperoxemia on a composite end-
point in patients with severe blunt chest trauma. We hypothesized
that hyperoxemia would be associated with higher mortality and mor-
bidity, longer duration of mechanical ventilation and intensive care unit
(ICU) stay.



2. Methods

We conducted a retrospective, observational, single-center study in
a level [ trauma center university hospital (Nord Hospital, Marseille,
France). We adhered to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology statement for observational studies
[15]. All trauma patients admitted with severe blunt chest trauma
were eligible. Severe blunt chest trauma was defined as a chest Abbre-
viated Injury Scale (AIS) > 2 and an Injury Severity Score (ISS > 15)
[16]. The exclusion criteria were PaO,:FiO, ratio < 200 mmHg at admis-
sion, delay between trauma and admission >24 h, ICU length of stay
<24 h, penetrating trauma, patients without blood gas sampling or a
whole-body computed tomography (CT) scan during the first 24 h
after admission, pregnancy, and patients <18 years of age.

This study received the approval of our national ethics committee
(Comité d'Ethique de la Recherche en Anesthésie-Réanimation) num-
ber SFAR - CERAR 00010254-2018-122. The ethics committee waived
the need for written consent, according to the French law on retrospec-
tive studies [17].

2.1. Data collection

All data were extracted from the patient electronic file. The partial
arterial oxygen pressures (Pa0O,) were extracted from the blood gases
collected during the first 24 h after admission. The average values of
Pa0, defined either the severe hyperoxemia group (average 24 h
Pa0, > 200 mmHg), the moderate hyperoxemia group (average 24 h
Pa0, > 150 and < 200 mmHg), the mild hyperoxemia group (average
24 h Pa0;, > 100 and < 150 mmHg) or the control group (average
24 h Pa0, < 100 mmHg).

At ICU admission the data collected were sex, age, co-morbidities,
presence of severe traumatic brain injury (TBI), ISS, Sequential Organ
Failure Assessment Score, Simplified Acute Physiology Score II, Glasgow
Coma Scale score, hemodynamic shock, use of invasive mechanical ven-
tilation (i.e., intubated patients) or spontaneous breathing (i.e., non-
intubated patients), inspired oxygen fraction (FiO;), and oxygen flow
through a nasal cannula or facial mask in the spontaneously breathing
patients. Chest trauma were detailed as hemothorax, pneumothorax,
number and side of rib fracture(s), flail chest, or pulmonary contusion.

In cases of non-intubated patients using a standard nasal cannula or
facial mask, inspired oxygen fraction (FiO,) was estimated using the fol-
lowing formula from a previous study: [18].

FiO, = 21 + (oxygen flow in L/ min x 3)%

In cases of high flow nasal cannula (40 L/min or more) FiO, was di-
rectly reported.

The patients with TBI were considered as severe in the presence of
an injury shown on a CT scan and if they had a Glasgow Coma Scale
score < 9. Shock was defined as a serum lactate concentration above
2 mmol/L and the need for vasopressors to maintain a mean arterial
pressure > 65 mmHg. The patients with severe TBI receiving norepi-
nephrine infusion to maintain their cerebral perfusion pressure above
60 mmHg were not considered in shock if the serum lactate concentra-
tion was below 2 mmol/L.

At day 28, we collected data on the incidence of death, hospital-
acquired pneumonia (HAP), and acute respiratory distress syn-
drome (ARDS). ARDS was defined according to the Berlin criterion
48 h after admission [19]. HAP was defined as suspected sepsis asso-
ciated with lung opacity diagnosed with a chest X-ray or a CT scan
and requiring antimicrobial treatment [20,21]. The number of
HAP-free, mechanical ventilation-free, and ICU-free days was calcu-
lated from day 28. If death occurred before day 28, the count was
assigned to zero.

2.2. Outcomes

The main outcome was the incidence of a composite endpoint de-
fined as the incidence of HAP and/or death between ICU admission
and day 28. The secondary outcomes were the incidence of death, the
number of HAP-free, mechanical ventilation-free and ICU-free days,
and ARDS incidence at day 28.

2.3. Data analysis

The demographic, clinical, and biological features were described
and compared between the four groups (three hyperoxemia groups
and a control group). The quantitative values were described as means
(& standard derivation [SD]) or medians (25th and 75th interquartile
[IQR]) and compared using the analysis of variance when appropriate
and otherwise the Kruskal-Wallis test. The qualitative values were de-
scribed as numbers (percentages) and compared using the Chi-square
test when appropriate and otherwise the Fisher test.

To assess the differences between the severe; the moderate; the
mild hyperoxemia and the control groups, the average PaO, during
the first 24 h, taken from the values of the first, last, and all the interme-
diate blood gases, were compared.

Univariate analyses were performed to identify the factors associ-
ated with the main and the secondary outcomes.

Logistic and linear regression models were built to assess the impact
of hyperoxemia on main and secondary outcomes. To reduce the bias by
indication, propensity score-weighted analyses were performed. [22]
The propensity score model included baseline data (age, sex, use of
prehospital mechanical ventilation, shock at admission, chest AIS > 3
and ISS [sum of the most severe injuries, excluding the thorax]). Boosted
logistic regression was used to calculate the propensity score as the ex-
posure variable contained 4 levels. [23] Weights were calculated for the
average treatment effect. Regression models applied on weighted data
were adjusted for FiO, level at admission. As a sensitivity analysis of
the composite endpoint, multivariate regression models were built tak-
ing into account the average value of PaO, over the first 24 h without
categorization. Furthermore, we estimated the causal effect of PaO,
time-varying exposure on the composite endpoint, using approach
based on inverse probability weighting (IPW) of marginal structural
model (MSM) to adjust for confounding (age, sex, use of prehospital
mechanical ventilation, shock at admission, chest AIS > 3 and ISS).

All analyses were performed using R software, and the twang pack-
age was used for propensity score-bases analyses (mnps function was
used to calculate propensity score). [24] ipw R Package was used to per-
form the MSM analysis.

3. Results

From July 2013 to December 2017, 1018 trauma patients were ad-
mitted to the ICU. A total of 424 patients met the inclusion criteria
(Flowchart Fig. 1). One hundred eighty two patients were excluded be-
cause of length of stay of less than 24 h. From those, 174 died during this
period and eight were transferred to another ICU because of the need of
extra corporeal circulation. The baseline features are provided in
Table 1. Three hundred and thirty-two (78%) patients were males,
with a median age of 36 (24-54) years and a median ISS of 29
(25-41). At ICU admission, 184 (43%) patients were mechanically ven-
tilated. Shock criteria and severe TBI were found in 147 (35%) and 81
(19%) patients, respectively. Sixty-six (16%) patients had an average
24 h PaO, > 200 mmHg, 128 (30%) patients had an average 24 h
Pa02 > 150 and < 200 mmHg and 172 (41%) patients had an average
24 h Pa02 > 100 and < 150 mmHg. The control group was composed
with 58 (13%) patients who had an average 24 h PaO, > 60
and < 100 mmHg. The average 24 h PaO, was 242 (£ 50) mmHg in
the severe hyperoxemia group, 173 (£+15) mmHg in the moderate
hyperoxemia group, 125 (£ 15) mmHg in the mild hyperoxemia



1018 eligible Patients with chest trauma

129 patients without criterion

-96AIS<3
-33185<16

889 Patients included

465 patients excluded

- 182 Length of stay < 24h

- 94 with Pa0,:FiO; ratio < 200mmHg
- 2 with mean PaO2 < 60mmHg

- 55 Penetrating trauma

- 47 Age < 18 years

- 47 Admission from trauma after 24h
- 17 Without whole body CT-scan

- 10 blood gases missing

- 9 Transfer to another hospital

- 2 Pregnant women

[ 424 Patients analysed ]
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58 Patients 172 Patients
Control group Mild hyperoxia
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128 Patients 66 Patients

Moderate Severe hyperoxia

hyperoxia group group

Fig. 1. Flowdiagram AIS: Abbreviated Injury Scale; ISS: Injury Scale Score.

group and 87 (+ 9) mmHg in the control group (P < 0.001). The mean
Pa0, values over time of the first, intermediate, and last blood gases in
the first 24 h after admission were significantly higher (P < 0.001) in
the severe and moderate hyperoxemia group than in the control
group (Fig. 2).

Severity was higher in the severe and moderate hyperoxemia group
compared with control group based on higher SAPS Il score (P < 0.01),
ISS (P < 0.01), SOFA score (P < 0.01) at admission (Table 1). Severe
hyperoxemia group patients also received significantly more blood
transfusion (P < 0.01), more fresh frozen plasma, (P < 0.01), more me-
chanical ventilation (P < 0.001). They also presented more shock at ad-
mission (P = 0.02) and severe TBI (P = 0.04) than the control group
(Table 1). No significant difference was found regarding severity of tho-
racic AIS between groups (P = 0.1) (Table 1).

3.1. Outcomes

Atotal of 77 (18%) patients met the criteria for the first endpoint. Re-
sults of propensity score analysis are summarized in Fig. 3. A significant
association was found between early hyperoxemia and the incidence of
the composite endpoint in the severe hyperoxemia group(adjusted
odds ratio [OR], 0.11; 95% confidence interval [CI], 0.02-0.59;
P = 0.01). No significant difference was found in the moderate
hyperoxemia and the mild hyperoxemia group (adjusted OR, 0.32;

95% (I, 0.08-1.31; P = 0.1 and adjusted OR, 0.55; 95% CI, 0.16-1.81;
P = 0.3 respectively). Regarding the secondary endpoints: 28-day mor-
tality rate was lower in both severe (adjusted OR, 0.06; 95% (I,
0.01-0.52; P = 0.01) and in the moderate hyperoxemia group (adjusted
OR, 0.15; 95% (I, 0.02-1.00; P = 0.05) but none in the mild hyperoxemia
group adjusted OR, 0.36; 95% CI, 0.07-1.87; P = 0.2). No significant dif-
ference was found between groups regarding ARDS occurrence (ad-
justed OR, 0.10; 95%CI, 0.01-2.51; P = 0.2, adjusted OR, 0.22; 95%CI;
0.04-1.27; P = 0.1 and adjusted OR, 0.3; 95%CI, 0.07-1.46; P = 0.1 re-
spectively). Early hyperoxemia exposure was associated with an in-
creased number of HAP-free days in the severe hyperoxemia group
(adjusted beta coefficient, 11 days; 95% Cl, 6-16; P = 0.001), in the
moderate hyperoxemia group (adjusted beta coefficient, 6 days; 95%
CI, 1-10; P = 0.01) but not in the mild hyperoxemia group (adjusted
beta coefficient, 3 days; 95% CI, — 1-8; P = 0.1).

Early hyperoxemia was significantly associated with improved out-
come regarding Mechanical ventilation-free days and ICU-free days in
the severe hyperoxemia and in the moderate hyperoxemia group but
not in the mild hyperoxemia group (Fig. 3).

3.2. Sensitivity analysis

Results from multivariate regression model from mean 24 h PaO,
and from marginal structural model from each available values of



Table 1

All patients Control group Mild hyperoxia group Moderate hyperoxia group Severe hyperoxia group P

(n = 424) (n =58) (n =172) (n = 128) (n = 66)
Patient characteristics
Sex male (%) 330 (78) 51 (88) 135 (78) 101 (79) 43 (65) 0.02
Age (years) ° 36 (25-54) 50 (33-64) 36 (25-55) 35 (24-49) 31 (23-45) <0.01
SAPSII ¢ 33 (22-45) 27 (20-38) 30 (21-46) 37 (25-50) 38 (25-50) <0.01
SOFA 3 (1-6) 2(1-4) 3 (1-6) 4(2-7) 5 (2-7) <0.01
155 29 (25-41) 29 (21-34) 29 (22-41) 33 (27-41) 34 (26-41) <0.01
Chronic co-morbidities (%)
Chronic respiratory failure 18 (4) 5(9) 9(5) 1(1) 3(5) 0.04
Chronic cardiac failure 26 (6) 7 (12) 14 (8) 2(2) 3(5) 0.01
Arterial hypertension 45 (11) 13(22) 20 (12) 7 (5) 5(8) <0.01
Diabetes 13 (3) 0(0) 12 (7) 1(1) 0(0) < 0.01
Cancer 6(1) 0(0) 3(2) 3(2) 0(0) 0.63
Epilepsy 5(1) 0(0) 2(1) 3(2) 0(0) 0.58
Psychiatric disease 31(7) 6(11) 11 (6) 8(6) 6(9) 0.62
Anticoagulant therapy 32 (8) 9(16) 16 (9) 4(3) 3(5) 0.02
Chest lesions
Chest AIS ® 4(3-4) 4 (3-4) 4 (3-4) 4 (3-4) 4 (3-4) 0.87
AlS = 3 (%) 174 (41) 22 (38) 67 (39) 61 (48) 24 (36) 0.33
AlIS =4or5 (%) 250 (59) 36 (62) 105 (61) 67 (52) 42 (64)
Hemo-pneumothorax (%) 279 (66) 41 (71) 121 (70) 86 (67) 31 (47) <0.01
Rib fracture(s) (%) 283 (67) 45 (78) 119 (69) 79 (62) 40 (61) 0.11
Bilateral RF (%) 96 (23) 19 (33) 35(20) 32(25) 10 (15) 0.09
RF > 2 (%) 233 (54) 40 (69) 93 (54) 65 (51) 33 (50) 0.10
Pulmonary contusion (%) 293 (69) 34 (51) 113 (66) 93 (73) 53 (80) 0.04
Type of admission (%)
Primary 333 (79) 40 (69) 126 (73) 107 (84) 60 (91) <0.01
Secondary 91 (21) 18 (31) 46 (27) 21 (16) 6(9)
Vital functions
Pre-admission MV (%) 184 (43) 11 (19) 57 (33) 72 (56) 44 (67) <0.01
Hemodynamic shock (%) 147 (35) 10 (17) 57 (33) 50 (39) 30 (45) 0.01
Pre-admission CRA (%) 14 (3) 2(3) 5(3) 5(4) 2(3) 0.98
TBI (%) 232 (55) 24 (41) 85 (42) 81 (63) 42 (64) <0.01
Severe TBI (%) 81(19) 3 (5) 31 (18) 32 (25) 15 (23) 0.01
Glasgow Scale Score® 15 (10-15) 15 (14-15) 15 (13-15) 14 (9-15) 14 (9-15) <0.01
Respiratory variables
Fi0," 0.57 (£0.2) 0.31 (£0.1) 0.50 (£0.2) 0.66 (+£0.2) 0.81 (£0.2) <0.01
Pa0:FiO; ratio ® 354 (+84) 321 (+82) 337 (+78) 375 (+82) 388 (+84) <0.01
Pa0, AVG. mmHg " 152 (£53) 87 (+9) 125 (£15) 173 (£15) 243 (£50) <0.01
Pa0, MAX. mmHg ” 215 (£93) 99 (£21) 176 (£50) 259 (£68) 332 (£77) <0.01
Treatments
Surgery (%) 187 (44) 12 (21) 75 (44) 66 (52) 34 (52) <0.01
Embolization (%) 23 (5) 1(4) 10 (6) 8 (6) 3(5) 0.92
Red Blood Cells 1(£3) 03 (£1) 1(£3) 2 (+4) 2(+3) <0.01
FFP® 1(£3) 0.2 (£1) 1(£3) 1(£3) 2(+3) 0.03
Platelets " 0.1 (+0) 0 (+0) 0.2 (+£0) 0.2 (£1) 0.1 (+0) 0.06

AIS : Abbreviated Injury Scale; CRA: Cardiorespiratory Arrest; FFP : Fresh Frozen Plasma; FiO2 : Fraction of inspired oxygen; ISS : Injury Severity score; MV: Mechanical Ventilation; PaO2
AVG: Mean Partial Pressure of arterial oxygen; PaO2 MAX: Maximal Partial Pressure of arterial oxygen; RBC: Red Blood Cells; RF: Rib fracture; SAPS II: Simplified Acute Physiology Score II;
SD: Standard Deviation; SOFA D1 : Sepsis-related Organ Failure Assessment at Day 1; TBI: Traumatic Brain Injury

2 Median (Interquartile range).
> Mean(=+SD).

PaO, other time are presented in Table 2. Complete analysis with co-
founding factor are presented in supplemental Tables 1 and 2.

Regarding multivariate regression model, no significant association
was found between mean 24 h Pa0O, and occurrence of the composite
endpoint (P = 0.2), with occurrence of death (P = 0.1) and with num-
ber of HAP-free days (P = 0.1). However, lower number of mechanical
ventilation free days and ICU-free days were significantly associated
with mean 24 h PaO, (P = 0.001 and P = 0.003 respectively).
(Table 2 and supplemental table 1).

Considering adjusted marginal structural model analysis no signifi-
cant association was found between values of PaO, other time and oc-
currence of the composite endpoint (P = 0.4), with occurrence of
death (P = 0.2). Lower number of HAP-free days (P = 0.003) of me-
chanical ventilation free days (P = 0.01) and ICU-free days were signif-
icantly associated with values of PaO, (P = 0.04). (Table 2 and
supplemental Table 2).

4. Discussion

In this retrospective study, divergent with our hypothesis,
hyperoxemia was not associated with more complications, including
death and/or HAP and/or ARDS. Hyperoxemia may be also associated
with increased numbers of HAP-free, mechanical ventilation-free, and
ICU-free days.

In our study, early hyperoxemia may be associated with a decreased
incidence of HAP. This finding suggests that early hyperoxemia may be
associated with a protective effect in patients with severe blunt chest
trauma. The first hypothesis can be related to the antimicrobial effect
of limited hyperoxia exposure [22-24]. Perioperatively, hyperoxia expo-
sure is a recommended strategy to reduce the rate of surgical site infec-
tion [25]. However, a meta-analysis comparing liberal and restrictive
use of oxygen in critically ill patients was inconclusive regarding the ef-
fect of hyperoxia exposure on pneumonia (relative risk 1.00; 95% CI,
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Fig. 2. Comparison of PaO, of initial, last and all intermediate arterial blood gases between severe, moderate, mild hyperoxemia groups and controls.

0.74-1.35) [11]. Four studies including 1785 patients have assessed this
endpoint. A single randomized clinical trial comparing liberal and re-
strictive use of oxygen in ICU patients showed an increased rate of
HAP in the liberal group [13]. Three randomized clinical trials assessing
hyperoxia exposure for 24 h or less found no differences in HAP inci-
dence [26-28]. Of note, the effect of hyperoxia exposure on the develop-
ment of HAP seems time-dependent. Indeed, shorter was hyperoxia
duration better was the outcome. [13,26-28] Moreover, experimental
results showed an impairment of immunologic function if hyperoxia ex-
posure was prolonged. [29] In murine models, exposure to hyperoxia
between 24 and 60 h was associated with lung impairment and more
induced infection related to legionella, and Pseudomonas aeruginosa.
[30-32] In contrast, no immune alterations were found for short-
duration hyperoxia exposure [33]. At the early stage of aggression,
hyperoxia exposure can reduce infection by the antimicrobial effect of
oxygen [22-24,33]. This may explain the association between early
hyperoxia exposure and lower incidence of HAP in our study.

Our results may also suggest an association between early
hyperoxemia and a lower occurrence of death and shorter mechanical
ventilation exposure and shorter time of ICU stay. Despite the adjusted
severity of blunt chest trauma, the patients with early hyperoxemia ex-
posure trended to develop less morbidity, which suggests that the dif-
ference was probably not due to the primary injury. We hypothesized
that the reduction of the inflammatory process could be reduced in
the early hyperoxia group [34]. Short-duration hyperoxia exposure
through mechanical ventilation in a blunt chest trauma mice model
was associated with an abolishment of fracture healing impairment
and a decrease in pro-inflammatory factors [35,36]. Regarding pulmo-
nary complications, this model seems in line with our suggested results.

Our findings differ from those of some previous studies comparing
liberal versus conservative oxygen exposure in critically ill patients.

Indeed, several studies reported deleterious effects of prolonged
hyperoxemia. In a randomized clinical trial, Girardis et al. found in-
creased ICU mortality in patients treated with a liberal oxygen therapy
compared with those treated with a conservative strategy [13]. Those
findings was confirmed in a meta-analysis reporting a deleterious effect
of prolonged hyperoxia exposure over time in a heterogeneous patient
population [11]. This effect might be due to the constitution of reactive
oxygen species, which induce protein damage through their oxidative
action [37,38]. In contrast, a multicenter randomized controlled trial,
the ICU-ROX investigators found no difference in outcome in a heterog-
enous ICU patients receiving either liberal or conservative oxygen ad-
ministration during the first 24 h of admission [12]. In post hoc
analyses ICU-ROX investigators found that the only subgroup with
worsening outcome associated with hyperoxemia was patients with
suspected hypoxic-ischemic encephalopathy [12]. Another recent post
hoc analysis of the ICU-ROX trial cannot rule out a potential harm of a
conservative strategy compared with a liberal delivery of oxygen in pa-
tients with sepsis [39]. Those results suggest that the effect of
hyperoxemia remains unclear and may be different regarding the pop-
ulation of patients and length of administration. Our study focused on
severe blunt chest trauma patients with early hyperoxemia represents
a specific population suffering of lack of data.

Our study has several limitations. First, it was an observational, ret-
rospective study, only suggesting future directions for clinical research.
To reduce the bias due to the study design, we performed a propensity
score-based analysis. The early phase of management was considered,
and it is unclear how late management affected the patients' outcomes.
However, in our ICU, the patients are managed according to similar in-
ternational guidelines, which probably reduced variability in oxygen
levels like suggested in Fig. 2 because PaO, values difference of blood
gases trended to reduce at the end of the first 24 h of admission
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Fig. 3. Forest plot presenting results of propensity score analysis. ARDS: Acute respiratory distress syndrom, HAP: Hospital acquired pneumonia; ICU: Intensive care Unit; MV: Mechanical

ventilation; OR: odd ratio.

(Fig. 2) [6,20,40]. Hemoglobin concentration are missing in our adjust-
ment and some may consider that low PaO, could be associated with
missing oxygen carrying capacity rather than a pulmonary problem.

Table 2

Considering severe hyperoxemia group received more blood transfu-
sion associated with more severe injuries than the control group we
may rule out this bias. The association between higher PaO, and the

Multivariate and marginal structural model analysis regarding PaO, exposure and outcomes.

Multivariate regression

Marginal structural model

0dd Ratio [IC95%] P 0Odd Ratio [IC95%] P
Primary endpoint 1.00 [0.99-1.00] 0.2 1.00 [1.00-1.00] 0.4
Death 0.99 [0.98-1.00] 0.4 1.00 [1.00-1.00] 02
Days without HAP 0.01 [0.00-0.03] 0.1 0.01 [0.01-0.02] 0.003
Days without mechanical ventilation 0.03 [0.01-0.05] 0.001 0.01 [0.00-0.01] 0.01
Days without 0.03 [0.01-0.05] 0.003 0.01 [0.00-0.02] 0.03

intensive care

HAP: hospital, acquired pneumonia; 1C95%: 95% confidence interval



Pa0,:FiO, ratio at ICU admission could be interpreted as a marker of
lower severity in the hyperoxemia group but it has been shown that
the Pa0,:FiO, ratio increased significantly if the FiO, was above 0.7
[41]. However, our analyses were adjusted on the FiO, level and we ex-
cluded patients with the more severe PaO,:FiO, ratio alteration reduc-
ing this effect. This adjustment aimed to reduce the discrepancy
between the hyperoxemic patients and the controls. Furthermore
Pa0,:FiO, ratio < 200 mmHg patients at admission were excluded be-
cause considered with severe respiratory or cardiovascular impairment
preventing any possible hyperoxia. This would have artificially in-
creased the difference between the control group and the hyperoxic
groups by including the more severe patients in the normoxic group. Fi-
nally, the choice of average 24 h PaO, rather than the maximal PaO,
level remains a matter for discussion. In our opinion, averaging the mea-
surements of blood gases, rather than a single measure, reflected with
more accuracy the potential effect of hyperoxemia during the first
hours of management. We excluded patient with length of ICU stay
<24 h because we assume that death was not related to hyperoxemia
but to severity of initial injuries.

In our cohort early hyperoxemia during the first 24 h of admission
after severe blunt chest trauma was not associated with worse outcome
regarding HAP and death occurrence. Further prospective and interven-
tional investigations are necessary to confirm these findings in this spe-
cific population.
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