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IMPORTANCE Early administration of supplemental oxygen for all severely injured trauma
patients is recommended, but liberal oxygen treatment has been associated with increased
risk of death and respiratory complications.

OBJECTIVE To determine whether an early 8-hour restrictive oxygen strategy compared with
a liberal oxygen strategy in adult trauma patients would reduce death and/or major
respiratory complications.

DESIGN, SETTING, AND PARTICIPANTS This randomized controlled trial enrolled adult trauma
patients transferred directly to hospitals, triggering a full trauma team activation with an
anticipated hospital stay of a minimum of 24 hours from December 7, 2021, to September 12,
2023. This multicenter trial was conducted at 15 prehospital bases and 5 major trauma
centers in Denmark, the Netherlands, and Switzerland. The 30-day follow-up period ended
on October 12, 2023. The primary outcome was assessed by medical specialists in anesthesia
and intensive care medicine blinded to the randomization.

INTERVENTIONS In the prehospital setting or on trauma center admission, patients were
randomly assigned 1:1to a restrictive oxygen strategy (arterial oxygen saturation target of
94%) (n = 733) or liberal oxygen strategy (12-15 L of oxygen per minute or fraction of inspired
oxygen of 0.6-1.0) (n = 724) for 8 hours.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of death and/or
major respiratory complications within 30 days. The 2 key secondary outcomes, death and
major respiratory complications within 30 days, were assessed individually.

RESULTS Among 1979 randomized patients, 1508 completed the trial (median [IQR] age, 50
[31-65] years; 73% male; and median Injury Severity Score was 14 [9-22]). Death and/or major
respiratory complications within 30 days occurred in 118 of 733 patients (16.1%) in the
restrictive oxygen group and 121 of 724 patients (16.7%) in the liberal oxygen group

(odds ratio, 1.01[95% Cl, 0.75 to 1.37]; P = .94; absolute difference, 0.56 percentage points
[95% Cl, -2.70 to 3.82]). No significant differences were found between groups for each
component of the composite outcome. Adverse and serious adverse events were similar
across groups, with the exception of atelectasis, which was less common in the restrictive
oxygen group compared with the liberal oxygen group (27.6% vs 34.7%, respectively).

CONCLUSIONS AND RELEVANCE In adult trauma patients, an early restrictive oxygen strategy
compared with a liberal oxygen strategy initiated in the prehospital setting or on trauma
center admission for 8 hours did not significantly reduce death and/or major respiratory
complications within 30 days.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO5146700
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arly administration of supplemental oxygen is rec-

ommended for severe trauma,! which is the leading

cause of death for adults younger than 50 years.? The
Advanced Trauma Life Support (ATLS) guidelines recom-
mend that all severely injured trauma patients must receive
supplemental oxygen in the initial period, despite the sup-
porting evidence being extremely sparse.> Additionally, the
concentration, duration, and target of the oxygen treatment
is unspecified' and, consequently, hyperoxemia in the initial
phase of hospital admission is frequently observed in trauma
patients.®®

Hyperoxemia has been associated with increased risk of
death and major respiratory complications in observational
studies on trauma patients and other critically ill patients.1°13
Systematic reviews of oxygen therapy in acutely ill patients,
including trauma patients, found increased mortality associ-
ated with liberal supplemental oxygen.'*® In the intensive care
unit (ICU), a Cochrane systematic review concluded that there
was no difference in outcome according to oxygenation
strategy.!” The impact of different oxygenation strategies for
trauma patients, especially in the early phase after trauma, thus
remains unclear.

The TRAUMOX2 multicenter trial was conducted to test
the hypothesis that a restrictive oxygen strategy compared with
aliberal oxygen strategy initiated early after trauma for 8 hours
would reduce the incidence of death and/or major respira-
tory complications within 30 days.

Methods

Trial Design and Oversight

TRAUMOX2 was an investigator-initiated, pragmatic, interna-
tional, multicenter, open-label, parallel-group, superiority, pri-
mary outcome, assessor-blinded, randomized controlled trial.
The overall trial protocol and statistical analysis plan were pub-
lished before enrollment of the last patient'®'° and are avail-
able in Supplement 1.

The trial was approved by all relevant research ethics com-
mittees and medical regulatory agencies, adhering to overall
trial protocol and national regulations. Enrollment was ap-
proved as an emergency procedure where patients were
considered temporarily incapable of providing informed con-
sent. Initial proxy consent was obtained and granted by an in-
dependent physician upon enrollment at most participating
sites. Subsequent informed consent from the patient, the pa-
tient’s relatives, or secondary proxy consent was sought at the
earliest opportunity for ongoing participation and collection
of data. If a patient declined consent at any point after the in-
tervention was initiated, most sites retained use of the data up
to the date of consent withdrawal.

An independent data monitoring and safety committee
conducted 2 interim analyses after the enrollment of 392
(27.6%) and 764 patients (53.8%). All participating sites un-
derwent data monitoring by external monitors according to the
Good Clinical Practice guidelines by the International Coun-
cil for Harmonization. A comprehensive data validation of the
trial database was performed before commencing analyses.
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Key Points

Question Does an early, 8-hour restrictive oxygen strategy
compared with a liberal oxygen strategy in severely injured trauma
patients reduce mortality and/or major respiratory complications?

Findings Among 1508 randomized adult trauma patients, no
difference was found in death and/or major respiratory
complications within 30 days among patients in the restrictive
oxygen group compared with those in the liberal oxygen group
(16.1% vs 16.7%, respectively).

Meaning In severely injured trauma patients, an early restrictive
oxygen strategy compared with a liberal oxygen strategy initiated
in the prehospital setting or on trauma center admission did not
significantly reduce mortality and/or major respiratory
complications.

Patients

Eligible patients were 18 years or older, including individuals
of childbearing age, who experienced blunt or penetrating
trauma and were transported directly to participating trauma
centers, triggering a full trauma team activation. Further-
more, the enrolling physician had to anticipate a hospital
stay of at least 24 hours. Enrollment was possible either in
the prehospital setting or on trauma center admission.
Patients with a suspicion of carbon monoxide intoxication or
cardiac arrest prior to randomization were excluded. Patients
with no or minor injuries after secondary survey in the
trauma resuscitation room were excluded postrandomization
if they were expected to be discharged within 24 hours.
These were classified as secondary exclusions. Abbreviated
Injury Scale (AIS) coding was performed at least 4 weeks after
the trauma to ensure that all injuries had been identified fol-
lowing the trauma.

Randomization

Patients were randomly assigned in a 1:1 ratio to receive a
restrictive oxygen strategy or a liberal oxygen strategy in vari-
able block sizes of 4, 6, or 8, with stratification based on the
site of inclusion (specific prehospital base or trauma center)
as well as endotracheal intubation at randomization. The ran-
domization table was generated electronically by a statisti-
cian not affiliated with the trial and transferred to KLIFO A/S
who produced sealed randomization envelopes. These con-
tained information on the oxygen strategy, a data collection
sheet for documenting the intervention, and a study identifi-
cation corresponding to the randomization table. The ran-
domization envelopes were made available to all air ambu-
lances, physician-staffed ambulance vehicles, and trauma
centers. The use of randomization envelopes was chosen to
facilitate prehospital enrollment in areas with unreliable
internet or phone service. All personnel, patients, and
patients’ relatives were aware of the treatment allocation.
The primary outcome assessors were blinded to the treat-
ment allocation.

Oxygen Interventions
Patients were allocated to either a restrictive oxygen strategy
or liberal oxygen strategy for 8 hours as soon as possible
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Figure 1. Screening, Randomization, and Follow-Up of Patients in the TRAUMOX2 Trial

5441 Trauma patients assessed
for eligibility in trauma center

1979 Randomized

‘

3462 Excluded
767 Expected hospital length of stay <24 h
649 Missed (unavailability of research teams)
587 Aged <18y
558 Secondary transfer
359 Other type of injury than blunt or
penetrating trauma (eg, burns)
143 Cardiac arrest prior to randomization
89 No trauma team activation
9 Suspicion of carbon monoxide intoxication
301 Other?

2 Excluded (randomization envelopes lost) ‘

|

983 Randomized to the restrictive oxygen group

994 Randomized to the liberal oxygen group ‘

59 Excluded after randomization
12 Aged <18y
7 Cardiac arrest prior to randomization
4 Previously included in the trial
4 Omitted according to Swiss law due
to withdrawn consent
3 Secondary transfer
1 Suspicion of carbon monoxide intoxication
28 Other (eg, randomization envelope
opened by mistake)
174 Secondary exclusions
174 Secondary survey revealed no or
minor injuries and expected discharge
within <24 h

71 Excluded after randomization
13 Cardiac arrest prior to randomization
10 Aged <18y
6 Previously included in the trial
4 Omitted according to Swiss law due
to withdrawn consent
3 Secondary transfer
35 Other (eg, randomization envelope
opened by mistake)
165 Secondary exclusions
165 Secondary survey revealed no or
minor injuries and expected discharge
within <24 h

750 Received restrictive oxygen for 8 h

758 Received liberal oxygen for 8 h

|

|

17 Excluded during 30-d follow-up
15 Withdrew consent
2 Lost to follow-up

34 Excluded during 30-d follow-up
32 Withdrew consent
2 Lost to follow-up

!

!

733 Included in primary analysis

724 Included in primary analysis

In this pragmatic trial, prehospital information on assessment for eligibility was
not possible.

2Included in other trials that prohibited coenrollment, previously enrolled

patients, acute medical calls incorrectly labeled as trauma team activation, and
unknown time of trauma.

following trauma, either in the prehospital setting or on ad-
mission to the trauma center. The restrictive oxygen group re-
ceived the lowest dosage of oxygen (=21%) that ensured an ar-
terial oxyhemoglobin saturation measured by pulse oximetry
(Spo,) of 94%, either using no supplemental oxygen, a nasal
cannula, a nonrebreather mask, or mechanical ventilation for
intubated patients. Therefore, only patients who could main-
tain an Spo, of 94% or higher without the need for supple-
mental oxygen could achieve Spo, levels exceeding 94%. The
liberal oxygen group received 15 L of oxygen per minute via a
nonrebreather mask for nonintubated patients and a fraction
of inspired oxygen (Fio,) of 1.0 for intubated patients in the
prehospital setting, in the trauma resuscitation room, and dur-

jama.com

ing intrahospital transportation. In the operating room, post-
anesthesia care unit, ICU, and ward, the oxygen flow or Fio,
could be reduced to 12 L of oxygen per minute or Fio, of 0.6
or higher if the Spo, was 98% or higher. A high level of oxy-
gen for a brief duration was permitted in both groups at the
discretion of the treating physician (eg, preoxygenation prior
to intubation).

The TRAUMOX]1 pilot trial demonstrated that a restrictive
oxygen strategy, targeting an Spo, of 94%, was feasible to
maintain normoxemia in trauma patients for 24 hours.2° An
observational study of intubated trauma patients revealed
that liberal oxygen administration typically occurred within
the first 8 to 10 hours after hospital admission and plateaued
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Table. Patient Characteristics Table. Patient Characteristics (continued)
No./total No. (%) No./total No. (%)
Restrictive Liberal Restrictive Liberal
oxygen group oxygen group oxygen group oxygen group
Characteristic (n =750) (n =758) Characteristic (n =750) (n =758)
Age, median (IQR), y 48 (29-64) 51(33-66) Arterial blood gases qurifng
No. 749 757 the oxygen intervention
Pao, h 1 + 30 min, 85 (71-109) 280 (145-390)
Sex median (IQR), mm Hg
Male 540/748 (72.2) 555/756 (73.4) No. 614 614
Female 208/748 (27.8)  201/756(26.6) Pao,h6 +2h, 86 (74-101) 230(128-304)
Active smoker 161/590(27.3)  201/587 (34.2) 2 (b il g
; . No. 490 498
Active t'rez'atment of pneumonia 16/728 (2.2) 10/712 (1.4)
on admission Abbreviations: AlS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale;
Comorbidities prior to trauma® 347/735(47.2)  341/725(47.0) 1SS, Injury Severity Scale; Pao,, partial pressure of oxygen in arterial blood;
Cardiovascular disease 142/735(19.3)  137/725(18.9)  SPO,, arterial oxygen saturation measured by pulse oximetry.
Psychiatric disease 78/735 (10.6) 82/725 (11.3) 2 The subsections do not sum to the total comorbidity count, as patients could
. be classified with multiple comorbidities. Cardiovascular disease was defined
Lo altssaes ) MUTZSIELT as hypertension, angina pectoris, atrial fibrillation, heart failure, coronary
Other 262/735(35.6)  267/725(36.8) artery disease, and other. Lung disease was defined as chronic obstructive
Predominant type of injury pulmonary disease, asthma, lung fibrosis, lung cancer, a positive COVID-19 test
result on admission, and other. Psychiatric disease included substantial
Blunt - S L ST () psychiatric diagnoses classified as systemic iliness in the American Society of
Penetrating 82/749 (10.9) 79/757 (10.4) Anesthesiologists physical status classification system, which is used to assess
Intubated at randomization 177/750 (23.6) 184/758 (24.3) surgical risk.
Site of inclusion b GCS scores range from 3 to 15 and evaluate a patient's level of consciousness.
In-hospital 442/750 (58.9)  451/758 (59.4) Lower scores in'dicate a worsen'ing of neurological fL.mction and a GCS score
: below 9 is considered a severe impairment of consciousness.
IR sz S0E/E0 AT 307/758 (40.6) € AIS scores range from O to 6, with scores calculated based on the severity of
Prehospital information the traumatic lesions in the affected anatomical region of the body. A higher
Time from injury to arrival 58 (43-75) 55 (40-77) score reflects more severe injury and, traditionally, a score of 3 or higher is
at trauma center, classified as a serious injury. All scores were classified by certified specialists.
medianiieR)imin 1SS ranges from O to 75, with higher scores indicating higher trauma severity.
2 evaluates the overall injury based on anatomical regions. Severe trauma
No 633 635 ISS eval h Ilinjury based ical regions. S
Use of prehospital or in-hospital 333/713 (46.7) 351/718 (48.9) has typically been classified as an ISS above 15. All scores were calculated by
supplemental oxygen certified specialists.
jor t izati ) N .
prlo.r 0 ra'ndomlza on ¢ Defined as a combination of ground ambulance and helicopter ambulance,
Time with supplemental oxygen 32(19-51) 30(15-53) private vehicle, walk-in, or brought in by the police.
treatment before randomization,
median (IQR), min f The first and second arterial blood gases during the oxygen intervention were
No. 234 247 obtained at hour 1+ 30 minutes after randomization and hour 6 + 2 hours

after randomization, respectively.

First vital signs and injury status
Systolic blood pressure 44/640 (6.9) 53/646 (8.2)
LD . thereafter.® Therefore, the intervention period was reduced
Heart rate >110 beats/min 95/665 (14.3) 97/673(14.4) to 8 hours in the TRAUMOX2 trial, as several randomized
Respiratory rate 24 breaths/min 93/514(18.1) 114/589Q08) (. ntrolled trials in other patient groups have demonstrated
5po <90% 91/669(13.6) 108/674 (16.0) significant outcome differences following short durations of
GCS score <9° 113/641(17.6)  125/654(19.1) oxygen exposure.2-2
Head AIS score >3¢ 233/750(31.1)  202/753(26.8) The location of the patient, the supplemental oxygen dos-
Thoracic AlS score 23 265/750(35.3)  260/753(34.5)  age. Spo, value, and type of oxygen delivery were recorded
ISS, median (IQR)? 14(9-22) 14(9-22) hourly on the data collection sheet from the randomization en-
No. 749 745 velope. To monitor adherence to the intervention, arterial blood
Trauma center information gases were obtained at 1 hour + 30 minutes and 6 hours + 2
Type of transport hours postrandomization. Aside from the allocated interven-

to trauma center . . .
tions, all enrolled patients were treated according to usual stan-

Ground ambulance 583/747 (78.0) 585/743 (78.7)
: dard of care.
Helicopter ambulance 140/747 (18.7) 141/743 (19.0)
Other® 24/747 (3.2) 17/743 (2.3)
S ——— Outcomes
estination arter trauma . . .
RIS Rl The primary outcome was a composite of death and/or major
Ward 299/741(40.4)  331/739 (44.8)  lrespiratory complications within 30 days.
Intensive care unit 276/741(37.2)  242/739 (32.7) Major respiratory complications were defined as pneu-
Operating room 166/741(22.4)  166/739(22.5)  monia based on the US Centers for Disease Control and Pre-
P— vention criteria®® and/or acute respiratory distress syn-
t . - ;
continue drome based on the Berlin definition.?* This outcome was
E4 JAMA Published online December 10, 2024 jama.com
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examined by 2 outcome assessors at each site (medical spe-
cialists in anesthesia or intensive care medicine) blinded to
the allocation. The assessments were based on the patients’
medical records, including computed tomography scans,
x-rays, and any clinical and laboratory results upon request,
up to hospital discharge within 30 days. These assessments
were based on data collected during the hospital stay and
did not include information obtained after discharge. Addi-
tional details on the primary outcome assessment are avail-
able in the eMethods in Supplement 2. Blinding of the out-
come assessors was ensured by a local investigator who
concealed all information indicative of the allocation in the
medical records (eg, Fio,, the partial pressure of oxygen in
arterial blood [Pao,], and Spo, during the intervention
period). The assessments were performed independently by
each assessor and any disagreement between the 2 asses-
sors was resolved by discussion until agreement or, if neces-
sary, the involvement of a third assessor to reach consensus.
The 2 key secondary outcomes were death and major respi-
ratory complications within 30 days. Exploratory outcomes
included episode(s) of hypoxemia during the 8-hour inter-
vention, ICU readmission, sepsis, surgical site infection, and
pneumonia postdischarge. All outcomes are listed in the
protocol and further specified in the statistical analysis plan
and Supplement 2.

Two adverse events were recorded: atelectasis, identi-
fied by a radiologist, and airway mucosa irritation, noted by
health care staff. Serious adverse events were defined as any
medical occurrence leading to death, life-threatening condi-
tions, extended hospital stay (including readmission), signifi-
cant disability, or congenital anomaly (Supplement 2).

Statistical Analysis

With 710 patients in each intervention group, a hypothesized
dropout rate of 3.5%, and total enrollment of 1420 patients, it
was estimated that a 33% relative risk reduction in the inci-
dence of the composite primary outcome could be detected
using a restrictive oxygen strategy compared with a liberal oxy-
gen strategy. This detection would be achievable with 80%
power at a 5% significance level, assuming the incidence of the
primary outcome was 10% in the restrictive oxygen group and
15% in the liberal oxygen group. The assumptions underlying
the sample size calculation were based on findings from the
pilot trial, TRAUMOX1, which observed event rates of 20% in
the restrictive oxygen group and 33% in the liberal oxygen
group.?° Other studies have estimated mortality rates of 6%
t0 12%2>:2° and pneumonia or ventilator-associated pneumo-
nia among trauma patients in the ICU to be 14% to 28%.%7-28
The trial was planned to end 30 days after inclusion of 1420
evaluable patients.

Statistical analyses were performed according to the pub-
lished statistical analysis plan,'® and the statistician, along with
the coauthors, remained blinded to the treatment allocation
throughout the analysis and the initial manuscript drafting, as
intervention groups were designated as A and B. The manu-
script existed in 2 versions, 1 assuming that treatment A was re-
strictive oxygen and treatment B was liberal oxygen and vice
versa. Both versions were reviewed and approved by all au-
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thors before revealing the allocation groups. Modified intention-
to-treat analyses were performed on all outcomes of the in-
cluded patients. The modification relied on the secondary
exclusion criterion, which specified that patients were ex-
cluded from the trial after randomization if discharge was an-
ticipated within 24 hours due to no or minor injuries, detected
at secondary survey in the trauma resuscitation room. Per-
protocol analyses were performed for the primary and key sec-
ondary outcomes (Supplement 2).

The primary outcome and key secondary outcomes were
compared between the 2 groups using binary logistic regres-
sion and reported as odds ratios (ORs) with 95% CIs, adjusted
for the stratification variables (site of inclusion and the status
of endotracheal intubation at randomization). Additional
analyses were conducted, adjusting for the stratification vari-
ables, age, sex, Injury Severity Score (ISS), and the first avail-
able Glasgow Coma Scale score after trauma. Clustering by site
was adjusted for using generalized estimating equations for es-
timation of the regression models with a covariance matrix that
assumed clustering by site structure. Generalized estimating
equations also provided correct inference with weighted data.
Differential dropout from the study, through late withdrawal of
consent or unreachable for follow-up resulting in missing data,
was estimated in a logistic regression model and adjusted for
through inverse probability weighting (Supplement 2).2°
Exploratory outcomes were analyzed similarly to the primary
and key secondary outcomes regarding adjustment, while lo-
gistic or linear regression was used according to the type of
outcome.

Predefined subgroups were established according to ini-
tial intubation, ICU admission, moderate or severe traumatic
brain injury (AIS score >3),3° known lung disease, prehospital
vs in-hospital inclusion, and major trauma defined as having
an ISS higher than 15.

For the primary and key secondary outcomes, we applied
a significance level of 5% corresponding to 95% CIs for these
effect estimates. The significance tests were 2-sided. For the
exploratory outcomes, adjustments for multiple testing were
made by evaluating their P values using a significance level that
controlled the false discovery rate below 5%.%! All analyses were
performed with R software version 4.3.1 (R Foundation).

. |
Results

Trial Population

From December 7, 2021, to September 12, 2023, a total of 1979
patients were randomized at 15 prehospital bases and 5 major
trauma centers in Denmark, the Netherlands, and Switzerland.
In total, 1508 patients completed the trial, with 750 assigned
to the restrictive oxygen group and 758 assigned to the liberal
oxygen group (Figure 1). Primary outcome data were ob-
tained for 1457 patients (96.6%), corresponding to 733 pa-
tients in the restrictive oxygen group and 724 patients in the
liberal oxygen group. The baseline characteristics were well bal-
anced between the 2 groups, with the exception of a higher pro-
portion of active smokers in the liberal oxygen group (Table;
eTables 1and 2 in Supplement 2).
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Figure 2. Patient Outcomes

No. of events/total
No. of patients (%)
Restrictive

oxygen group

Liberal oxygen

Outcome group

Risk difference,

Primary outcome

Death and/or major respiratory complications 118/733 (16.1) 121/724(16.7)
Key secondary outcomes
Death

Major respiratory complications

63/733(8.6)
65/733(8.9)

53/724(7.3)
78/724(10.8)
Exploratory outcomes
Hypoxemic episode(s)
ICU readmission
Sepsis
Surgical site infection
Pneumonia postdischarge

44/737 (6.0)
17/368 (4.6)
19/736 (2.6)
23/736 (3.1)
27/640 (4.2)

28/737 (3.8)
18/352(5.1)
31/727 (4.3)
32/724 (4.4)
24/620(3.9)

percentage 0dds ratio Favors : Favors
points (95% Cl) (95% Cl) restrictive : liberal
0.56 (-2.70t03.82) 1.01(0.75t01.37) —u—
1.06 (-1.21t03.33) 1.28(0.85t01.92) —a—
-0.61(-3.29t02.08) 0.84(0.59t01.19) ——
2.40(0.17 to 4.54) 1.67 (1.02 t0 2.70) —
-1.33(-4.62t01.95) 0.59(0.26t01.37) ———— #———
-1.21(-2.96t00.54) 0.55(0.30t01.02) —— B——
-3.04(-6.87t00.79) 0.50(0.25t00.99) ——®#——
0.02 (-1.99t02.04) 1.06 (0.60 to 1.85) —_—

025 1 4

0dds ratio (95% Cl)

Trial outcomes for trauma patients randomized to either a restrictive oxygen
strategy or liberal oxygen strategy. The odds ratios were adjusted for
stratification variables. Further adjusted analyses are presented in eTables 4 and
5in Supplement 2. Death and/or major respiratory complications, surgical site
infection, and pneumonia postdischarge were evaluated within 30 days.
Hypoxemic episode(s) were defined as the presence of any Spo, less than 90%

during the 8-hour intervention from the hourly collected Spo, values.
ICU readmission and sepsis were evaluated during the initial hospital admission
(not at hospital readmission).

ICU indicates intensive care unit; and Spo,, arterial oxygen saturation measured
by pulse oximetry.

Oxygenation During Intervention

During the 8-hour intervention, a median (IQR) of O (0-1) L of
oxygen per minute was provided to nonintubated patients in
the restrictive oxygen group and 12 (12-15) L. of oxygen per min-
utein the liberal oxygen group (eFigure in Supplement 2). For
intubated patients, the median (IQR) Fio, for patients in the
restrictive oxygen group was 0.28 (0.21-0.36) and 0.60 (0.60-
0.80) in the liberal oxygen group. There was a considerable
separation in arterial oxygen partial pressure and saturation
between the 2 groups (Table) (eFigure in Supplement 2). Ma-
jor protocol violations occurred in 50 patients (6.7%) in the re-
strictive oxygen group and 102 patients (13.7%) in the liberal
oxygen group (eTable 3 in Supplement 2).

Outcomes

The primary composite outcome, death and/or major respira-
tory complications within 30 days, occurred in 118 of 733 pa-
tients (16.1%) in the restrictive oxygen group and 121 of 724
patients (16.7%) in the liberal oxygen group (OR, 1.01[95% CI,
0.75 to 1.37]; P = .94; absolute difference, 0.56 percentage
points [95% CI, -2.70 to 3.82]) (Figure 2; Figure 3). The sub-
sequent adjusted analysis and per-protocol analysis showed
similar results (eTables 4 and 8 in Supplement 2). The results
of the predefined subgroup analyses were similar to those in
the primary analysis (Figure 4).

When considered individually, death and major respira-
tory complications within 30 days had opposing trends, but
did not differ significantly between the 2 groups (Figure 2)
(eTable 4 in Supplement 2). No exploratory outcomes dif-
fered significantly between the groups after adjusting for mul-
tiple testing (eTables 5 and 6 in Supplement 2). The blinded
primary outcome assessors guessed the correct allocation in

JAMA Published online December 10, 2024

50.6% of patients in the restrictive oxygen group and 51.0%
of patients in the liberal oxygen group.

Adverse and serious adverse events were comparable be-
tween the groups, except for atelectasis, which occurred less
frequently in the restrictive oxygen group compared with the
liberal oxygen group (27.6% vs 34.7%, respectively) (eTable 9
in Supplement 2).

|
Discussion

In this pragmatic, international, multicenter, randomized con-
trolled trial of adult trauma patients, a restrictive oxygen strat-
egy compared with a liberal oxygen strategy initiated early af-
ter injury did not significantly reduce the incidence of death
and/or major respiratory complications within 30 days.

The evidence supporting the administration of supple-
mental oxygen to all severely injured trauma patients in the
initial period is notably scarce.® One trial including 68 intu-
bated patients administered early-phase oxygen treatment
after trauma and indicated a potential benefit of an Fio, of
80% vs 50% on 6-month neurological outcome.?? The find-
ings of that small trial, with an unclear risk of bias across all
domains, differ from the results in the TRAUMOX2 trial.”
However, the findings in systematic reviews on critically ill
patients are mixed. Some reviews report harm from a liberal
oxygen approach,'*' while another found no differences in
outcomes based on oxygenation strategies.'” A key distinc-
tion from this trial is that the intervention lasted for 8 hours
across various prehospital and in-hospital settings, whereas
the studies included in the reviews typically involved non-
trauma patients undergoing longer intervention in the ICU.
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Figure 3. Cumulative Incidence of Death and/or Major Respiratory Complications
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Visualization of data using Kaplan-Meier curves of the incidences of the primary outcome (A) and key secondary outcomes (B, C) during the 30-day follow-up period
for trauma patients randomized to either a restrictive oxygen strategy or liberal oxygen strategy.

These differences in patient characteristics, oxygen duration,
and hospital location make direct comparison challenging.
Additionally, trials are distinct in their interventions, as illus-
trated in the ICU setting, where several trials strictly defined
the 2 intervention groups based on Pao, levels,**-3¢ whereas
only a few trials based it solely on Spo,.3”° This creates the
potential for ambiguity and challenges the comparison of
studies. Adding to the complexity, the acceptable lower limit
of Spo, varies between studies, with some allowing values as
low as 88%.373° In the current trial, the focus was on Spo,
rather than Pao, because the hyperacute setting rarely allows
for precise titration and obtaining a Pao, measurement may
not always be feasible. Notably, the study did not collect
information on race and ethnicity, which limits the interpre-
tation of pulse oximetry in relation to skin pigmentation.

jama.com

The restrictive group in the TRAUMOX2 trial, targeting an
Spo, of 94%, was based on the TRAUMOX1 pilot trial, which
demonstrated the feasibility of maintaining normoxia in trauma
patients and guidelines on algorithms for traumatic brain in-
jury patients.?%#*! Furthermore, a large trial by Girardis et al
showed a benefit of a conservative oxygen strategy (Spo, be-
tween 94% and 98%).*? The liberal oxygen group was de-
fined as the control group in the trial by interpreting the ATLS
guidelines,! which recommend providing supplemental oxy-
gen to all severely injured trauma patients. However, they lack
specific guidance regarding concentration, duration, and tar-
get of the supplemental oxygen treatment in the early phase
after trauma. The oxygen concentration was chosen to clearly
separate the levels of oxygenation between groups. While the
TRAUMOX2 trial investigators recognize that several ICU
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Figure 4. Subgroup Analysis of Death and/or Major Respiratory Complications Within 30 Days

No. of events/total No. of patients (%)

Restrictive Liberal oxygen 0Odds ratio Favors : Favors P value for
Subgroup oxygen group group (95% ClI) restrictive : liberal interaction
All patients 118/733(16.1) 121/724(16.7) 1.01(0.75-1.37) —a—
Intubated at randomization
No 56/558 (10.0) 50/543(9.2) 1.12(0.75-1.67) — 8
Yes 62/175 (35.4) 71/181(39.2) 0.90(0.57-1.41) ——
ICU admission
No 42/458(9.2) 50/481(10.4) 0.98 (0.64-1.49) —— o5
Yes 74/271(27.3) 68/238 (28.6) 0.96 (0.63-1.49) ——
Moderate or severe TBI?
AlS score <3 45/500 (9.0) 48/473 (10.1) 1.06 (0.68-1.64) — 1
AlS score 23 73/233(31.3) 73/202 (36.1) 0.81 (0.53-1.25) —a—
Known lung disease
No 97/667 (14.5) 105/643 (16.3) 0.88(0.65-1.22) —— 15
Yes 19/59 (32.2) 14/69 (20.3) 1.85(0.73-4.55) —_—t—
Site of inclusion
Prehospital 48/303 (15.8) 54/296 (18.2) 0.81(0.51-1.28) — 20
In-hospital 70/430(16.3) 67/428 (15.7) 1.19(0.81-1.79) ——
Injury Severity ScoreP
<15 22/380(5.8) 19/389 (4.9) 1.33(0.69-2.56) —_—a— s
>15 95/352 (27.0) 100/329 (30.4) 0.86 (0.60-1.23) ———
0.‘25 1 A‘t
0Odds ratio (95% Cl)

The odds ratios were adjusted for stratification variables. Further adjusted
analyses are presented in eTable 7 in Supplement 2.

AlS indicates Abbreviated Injury Scale; ICU, intensive care unit; and TBI,
traumatic brain injury.

2AIS scores range from O to 6 and are based on injuries in different anatomical
regions. A head score below 3 indicates mild TBI and a score of 3 or higher

indicates moderate or severe TBI. Only the AIS codes for isolated brain injury
were selected, thereby excluding neck injuries.
®lnjury Severity Score ranges from O to 75, used to assess anatomical injury

severity. Scores below 15 indicate mild to moderate trauma, while scores higher
than 15 are considered severe trauma.

studies have opted for a more restrictive approach for both
groups,3335:42-44 ghservational studies indicate that substan-
tial hyperoxemia is common in the early phase of managing
trauma patients.®® Notably, the liberal oxygen approach in the
current trial was more restrictive than the one described in the
World Health Organization recommendation, employing an
Fio, of 80% perioperatively for general surgical patients.*> As
previously mentioned, the 8-hour intervention was selected
based on an observational study to align with existing clini-
cal practice.® It could be argued that an 8-hour intervention
period immediately after trauma would be too brief to impact
clinical outcomes for severely injured patients. However, a
similar duration of oxygen exposure has previously been re-
ported to significantly impact long-term mortality in trauma
and surgical populations.®-?! Although patients were random-
ized shortly after trauma, it is a limitation that one-quarter of
patients received supplemental oxygen for more than 50 min-
utes before randomization (Table). Taken together, an 8-hour
restrictive oxygen treatment was not significantly different
from a liberal oxygen administration, and a targeted oxygen
approach could be an alternative for trauma patients instead
of providing supplemental oxygen to all severely injured pa-
tients regardless of the spontaneous oxygen saturation level.

This trial has several strengths. It was pragmatic, with in-
clusion and exclusion criteria that aimed to reflect the gen-

JAMA Published online December 10, 2024

eral adult trauma population. This aligns with ATLS guide-
lines, which advocate for a universal approach to oxygen
strategy based on severity rather than specific trauma
diagnoses.! The trauma patients in this trial were moderately
to severely injured, with similar severity to previous trials.*6-4”
A total of 41% of the patients were enrolled in the prehospital
setting, leading to an overall short duration from trauma to ran-
domization. Finally, to minimize bias, the treatment alloca-
tion details were concealed for the primary outcome asses-
sors in the patients’ medical records, which proved effective,
as outcome assessors correctly guessed the allocation in ap-
proximately 50% of cases.

Limitations

This trial has limitations. First, the open-label design may have
influenced treatment decisions, potentially leading to varia-
tions in nonoxygen interventions due to personnel’s differ-
ing beliefs about the consequences of oxygen treatment. How-
ever, the primary outcome assessment was blinded. Second,
the postrandomization exclusion of 471 patients, either after
randomization or classified as secondary exclusions, with
patients experiencing no or minor injuries diagnosed shortly
after randomization, may have introduced bias. Importantly,
patients excluded after randomization were based on pre-
defined factors that occurred before randomization but were
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identified only postrandomization due to the adverse and time-
critical conditions of prehospital patient inclusion. Exclud-
ing patients without injuries was considered necessary to fo-
cus on identifying patients with severe traumatic lesions, as
the initial assessment upon inclusion relied solely on suspi-
cion of major trauma. It was crucial not to introduce a de-
tailed severity scale system in the inclusion criteria, as doing
so would compromise the pragmatic design and potentially dis-
courage physicians from including patients as early as pos-
sible after trauma in the prehospital setting. Third, the trial
population was intentionally heterogeneous in terms of in-
jury types. Consequently, when analyzing all patients to-
gether, treatment effects for specific organ injuries were not
analyzed. Fourth, the composite primary outcome com-
prised 2 separate secondary outcomes, the results of which in-
dicated opposite directions, although not significantly. This
may be viewed as a potential contradiction and warrants at-

Original Investigation Research

tention in future studies. Fifth, the 8-hour intervention may
be too brief to impact mortality and major respiratory com-
plications when aiming to detect a 5-percentage point abso-
lute risk reduction. However, since oxygen is an inexpensive
and universally applied therapy, even a smaller difference of
1% to 2% would be clinically relevant. This effect may be de-
tectable in the ongoing Mega-ROX trial, which will enroll
40 000 ICU patients, including a subset of trauma patients.*®

. |
Conclusions

In adult trauma patients, a restrictive oxygen strategy com-
pared with a liberal oxygen strategy initiated in the prehos-
pital setting or on trauma center admission for a duration of 8
hours did not significantly reduce death and/or major respi-
ratory complications within 30 days.
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