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Abstract

BACKGROUND: Avoidance of hypoxia and hyperoxia may reduce morbidity and mortality in 

critically ill civilian and military trauma patients. The objective of this study was to determine if 

a multimodal quality improvement intervention increases adherence to a consensus-based, targeted 
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normoxia strategy. We hypothesized that this intervention would safely improve compliance with 

targeted normoxia.

METHODS: This is a pre/postquasiexperimental pilot study to improve adherence to normoxia, 

defined as a pulse oximetry (SpO2) of 90% to 96% or an arterial partial pressure oxygen 

(PaO2) of 60 to 100 mm Hg. We used a multimodal informatics and educational intervention 

guiding clinicians to safely titrate supplemental oxygen to normoxia based on SpO2 monitoring 

in critically ill trauma patients admitted to the surgical-trauma or neurosurgical intensive care 

unit within 24 hours of emergency department arrival. The primary outcome was effectiveness 

in delivering targeted normoxia (i.e., an increase in the probability of being in the targeted 

normoxia range and/or a reduction in the probability of being on a higher fraction-inspired oxygen 

concentration [FiO2]).

RESULTS: Analysis included 371 preintervention subjects and 201 postintervention subjects. 

Preintervention and postintervention subjects were of similar age, race/ethnicity, and sex and had 

similar comorbidities and Acute Physiologic and Chronic Health Evaluation II scores. Overall, the 

adjusted probability of being hyperoxic while on supplemental oxygen was reduced during the 

postintervention period (adjusted odds ratio, 0.74; 95% confidence interval, 0.57–0.97). There was 

a higher probability of being on room air (FiO2, 0.21) in the postintervention period (adjusted 

odds ratio, 1.38; 95% confidence interval, 0.83–2.30). In addition, there was a decreased amount 

of patient time spent on higher levels of FiO2 (FiO2, >40%) without a concomitant increase in 

hypoxia.

CONCLUSION: A multimodal intervention targeting normoxia in critically ill trauma patients 

increased normoxia and lowered the use of supplemental oxygen. A large clinical trial is needed to 

validate the impact of this protocol on patient-centered clinical outcomes.

LEVEL OF EVIDENCE: Therapeutic/care management, level II.
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Providing supplemental oxygen to prevent hypoxia, a major contributor to mortality and 

morbidity, is widespread in critically ill patients and has been traditionally viewed as safe.1,2 

However, it often results in supraphysiologic oxygen levels or hyperoxia. While hyperoxia 

as a potential therapy in traumatic brain injury and stroke has been explored,3 in the general 

population of intensive care unit (ICU) patients, both hypoxia and hyperoxia are associated 

with increased mortality.4,5

The importance of avoiding hypoxia is well understood; however, the effects of hyperoxia, 

especially in major trauma, are not as widely known. Hyperoxia has numerous deleterious 

effects that must be carefully balanced against the potential benefits of routine supplemental 

oxygen administration to prevent hypoxia. Higher levels of the fraction-inspired oxygen 

concentration (FiO2) can result in hyperoxic acute lung injury, impaired pulmonary gas 

exchange through a process of resorption atelectasis, and impaired mucocilliary transport 

function of the lungs leading to decreased bacterial clearance.6,7 Both duration of hyperoxia 

exposure and higher FiO2 correlate with the severity of hyperoxic acute lung injury.7 In 
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addition to the many negative effects on the lungs, hyperoxia also impairs cardiac output, 

causes systemic vasoconstriction, and accentuates the ischemic-reperfusion injury through 

production of proinflammatory reactive oxygen species.6,8,9

Given the multiple deleterious effects of hyperoxia, several studies have explored targeted 

supplemental oxygen administration in ICU patients in an attempt to determine the safety 

and efficacy of various “conservative” oxygenation strategies. These trials have been 

promising, demonstrating the potential to reduce exposure to hyperoxia, reduce duration 

of mechanical ventilation, and reduce mortality.10–12 Nevertheless, even with growing 

awareness that hyperoxia is harmful, many clinicians do not routinely target normoxia or 

alter the dosage of supplemental oxygen provided in response to documented hyperoxia13—

almost 75% of ICU patients experience prolonged hyperoxia.14,15 With growing evidence 

that avoidance of both hypoxia and hyperoxia plays an important role in clinical outcomes, 

prehospital, emergency, trauma, and critical care physicians endorse the concept of 

oxygen titration.6,16–18 Furthermore, in the context of military operations, the amount of 

supplemental oxygen has critical consequences related to logistics, size, weight, and power 

requirements, particularly in prolonged field care settings.19,20

The civilian and military implications of targeted normoxia warrant close examination 

of this approach from close to the time of injury through subsequent hospitalization. To 

date, few studies have looked at implementation strategies to increase compliance with 

targeted normoxia during these emergency department (ED) to ICU admissions,12,21,22 

and the ability to target normoxia has not been specifically examined in critically ill 

trauma patients. The objective of this study was to determine if a multimodal quality 

improvement intervention increases adherence to a consensus-based, targeted normoxia 

strategy. We hypothesized that this intervention would (1) increase compliance with targeted 

normoxia (reduced probability of being on hyperoxic and on supplemental oxygen), (2) 

reduce supplemental oxygen use, and (3) not cause a significant increase in hypoxia.

PATIENTS AND METHODS

Study Design

This study was a quasiexperimental pre/postobservational pilot study to evaluate a 

multimodal quality improvement intervention aimed at improving adherence to guidelines 

targeting normoxia, a pulse oximetry (SpO2) of 90% to 96%, or an arterial partial pressure 

oxygen (PaO2) of 60 to 100 mm Hg, at a single level 1 trauma center at the University of 

Colorado Hospital (NCT03789396).

Study Sample

We included adult trauma patients, 18 years or older, who were admitted to the surgical-

trauma or neurosurgical ICU from January 1, 2018, to December 31, 2018 (preintervention), 

and from January 1, 2019, to July 1, 2019 (postintervention), within 24 hours of ED 

arrival. The quasiexperimental protocol was approved by the Colorado Multiple Institutional 

Review Board (COMIRB 18-1528) with a waiver of consent, given that the intervention was 
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designed as a quality improvement measure to increase compliance with an evidence-based 

guideline for oxygenation.

Intervention

We implemented a multimodal educational platform to guide clinicians to safely and 

feasibly titrate supplemental oxygen to normoxia based on the results of noninvasive SpO2 

monitoring. We defined normoxia as a SpO2 90% to 96% or, when available, a PaO2 60 

to 100 mm Hg; hypoxia as an SpO2 of <88%; borderline hypoxia as an SpO2 of 88% to 

89%; and hyperoxia as an SpO2 of >96%. The optimal oxygenation target ranges were 

defined using a modified Delphi approach with 31 nationally and internationally recognized 

military and civilian experts in trauma surgery, emergency medicine, critical care, and 

military operational medicine. We asked the expert panel to rate how strongly they agreed 

or disagreed with specific SpO2 low thresholds, SpO2 high thresholds, PaO2 low thresholds, 

and PaO2 high thresholds. Based on our analysis of the data, we were able to identify what 

the majority of experts felt were appropriate oxygenation thresholds. The expert consensus 

panel agreed on the ranges used for this pilot implementation.

After physician and operational leadership support, the intervention was primarily 

administered by respiratory therapists and nurses, following a predefined protocolized 

clinical decision support tool and automated feedback. The study targeted providers 

in the ED and ICUs, but clinical decisions could override protocol recommendations. 

Implementation involved power point presentations for clinical staff, flyers, one-page 

protocols, trial staff attendance at ICU huddles, morning emails to respiratory therapists 

caring for mechanically ventilated patients, and an electronic health record (Epic eRecord) 

alert. The eRecord alert (Fig. 1) fired after identifying eligible patients with sustained 

oxygenation (at least 30 minutes) qualifying as hyperoxia. The preestablished protocol then 

made recommendations for titration of supplemental oxygen, that is, changes in FiO2 or 

positive end expiratory pressure (PEEP) in mechanically ventilated patients, and/or oxygen 

flow rate in nonmechanically ventilated patients. In some instances, no additional titration 

could be made.

Outcomes

The primary outcome was effectiveness in delivering targeted normoxia during the first 7 

days of hospitalization, defined as an increase in the probability of being in the targeted 

normoxia range and a reduction in the probability of being on a higher FiO2 used. Secondary 

outcomes included in-hospital mortality (censored at discharge or 90 days), ventilator-free 

days (censored at 7 days), hospital-free days (censored at 90 days), and length of stay.

Sample Size and Power

In the design of this quasiexperimental pre/postintervention observational pilot study, a 

formal sample size and power calculation was not performed. This study was designed to 

gather preliminary data on the general effectiveness of the intervention that will inform the 

next larger, multicenter randomized control trial.
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Statistical Analysis

Two 6-month intervals in the preintervention period (January to July and July to December) 

were included and analyzed separately and in combination to assess for potential seasonal 

variations. We compared baseline differences in patient and injury characteristics using 

χ2 test for categorical variables and Student’s t test for differences in age and length 

of stay. The results of the Acute Physiologic and Chronic Health Evaluation II scores 

and the number of other comorbidities were highly skewed.23 These and other ordinal 

and continuous variables that exhibited potential violations of normality assumptions were 

summarized as median and interquartile range with p values obtained via the Wilcoxon 

test. We summarized the primary outcome oxygenation variables using weighted averages 

and standard errors obtained by first aggregating outcome measures within person to best 

account for between-subject variability and total amount of time spent at each SpO2 or FiO2 

level. We calculated descriptive statistics for patient time spent in predefined categories of 

SpO2 and FiO2. Separate mixed-effects logistic regression models for the probability of 

being hyperoxic and not on room air and the probability of being on room air alone were 

fit to the data, adjusting for demographic characteristics, and Injury Severity Score; the 

primary exposure variable was the patient’s pre/postintervention status. A random intercept 

for patient was included to account for correlation between measurements within a patient 

over time. Differences in secondary patient-centered clinical outcomes such as in-hospital 

mortality and ventilator-free days (Table 2) were evaluated using χ2 tests for comparison 

of proportions or Student’s t test for comparisons of continuous variables. Patients who 

died were assigned values of zero for ventilator-free days and hospital-free days. We 

defined a p value of <0.05 as statistically significant. Statistical analysis was performed 

using R statistical software (R Foundation for Statistical Computing, Vienna, Austria)24 

with exception of the mixed effect models, which were analyzed using the PROC MIXED 

procedure in SAS software (SAS Institute, Cary, NC).25

RESULTS

Overall Subject Characteristics

A total of 572 patients were included for analysis—371 in the preintervention phase and 

201 in the postintervention phase. To assess for potential seasonal variation over the 

12-month preintervention period, subjects were grouped and initially analyzed by two 

6-month periods for differences in baseline characteristics and outcomes. However, no 

statistically significant differences were seen (results not shown), so these were combined 

into a single preintervention group for further analysis. Patients in the preintervention and 

postintervention period were similar with regards to baseline demographics, comorbidities, 

insurance type (a surrogate measure for possible socioeconomic status and access to care), 

mechanism of injury, mode of arrival, and Acute Physiologic and Chronic Health Evaluation 

II scores (Table 1). There was no difference between traumatic brain injury patients relative 

to those without a traumatic brain injury with respect to baseline characteristics or outcomes 

(data not shown).
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Effectiveness of Targeted Normoxia

The primary objective of this study was to determine if the multimodal intervention could 

effectively increase targeted normoxia. We measured the mean FiO2 and SpO2 levels over 

the first 7 days. The mean FiO2 and SpO2 levels over the first 7 days decreased overall 

during the postintervention period compared with the preintervention period with exception 

of the mean SpO2 on day 7, which was higher in the postintervention period (Fig. 2A and 

B). The multimodal intervention improved compliance with targeted normoxia, decreasing 

the odds of being hyperoxic (SpO2, >96%) and not on room air significantly in the 

postintervention period (aOR, 0.74 [95% confidence interval (CI), 0.57–0.97]; unadjusted 

OR, 0.77 [95% CI, 0.57–1.03]) (Fig. 2D) after adjusting for demographic characteristics, 

pre/postgrouping variable, and Injury Severity Score. In addition, the odds of being on room 

air (FiO2, 0.21) was higher in the postintervention period compared with the preintervention 

period (Fig. 2C). However, this effect did not reach statistical significance (aOR, 1.38 [95% 

CI, 0.83–2.30]; unadjusted OR, 1.38 [95% CI, 0.78–2.43]).

FiO2 Use Overall

There was an overall increase in the proportion of patient time spent on no supplemental 

oxygen (room air or FiO2, 21%) during the postintervention period (Fig. 3A). Specifically, 

in the group of patients found to be hyperoxic, 28.7% of patient time over the first 7 days 

in the postintervention period was spent on a FiO2 of 21% compared with only 20.1% 

of patient time on a FiO2 of 21% in the preintervention period (Fig. 3A). Similarly, in 

normoxic patients, 46.1% of patient time over the first 7 days in the postintervention period 

was spent on a FiO2 of 21% compared with only 42.6% in the preintervention period. 

Over the first 7 days, in both hyperoxic and normoxic patients, there was a decrease in 

the proportion of patient time spent on high levels of FiO2 (FiO2, >40% to >60%) (7.4% 

postintervention vs. 12.2% preintervention hyperoxic, and 4.7% postintervention vs. 9.3% 

preintervention normoxic). Similar trends were seen in the first 72 hours and on days 4 to 7 

(Fig. 3B).

FiO2 Use in Mechanically Ventilated Patients

In a subgroup analysis, mechanically ventilated patients had a slight increase in the amount 

of patient time spent on minimal FiO2 settings (FiO2, >21% to 30%) over the first 7 

days in both postintervention hyperoxic patients (52.9%) compared with the preintervention 

hyperoxia patients (29.1%) and normoxic patients (49.4% postintervention vs. 19.2% 

preintervention) (Supplemental Digital Content 1A, http://links.lww.com/TA/B962). In 

addition, there was a corresponding reduction in the percent of patient time spent in high 

FiO2 settings (FiO2, >40% to >60%), especially among hyperoxia patients from days 4 

to 7 (19.2% preintervention to 7.8% postintervention) (Supplemental Digital Content 1B, 

http://links.lww.com/TA/B962).

FiO2 Use in Nonmechanically Ventilated Patients

In nonmechanically ventilated patients, among those found to be hyperoxic, there was 

again an increase in the proportion of patient time spent on room air (FiO2, 21%) (38.6% 

postintervention vs. 28.7% preintervention). There was also an increase in patient time spent 
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on minimal FiO2 (FiO2, >21–30%) in the postintervention normoxic and hyperoxic patients 

during the first 7 days (34.7% postintervention vs. 29.2% preintervention normoxia; 46.2% 

postintervention vs. 40.9% preintervention hyperoxia) (Supplemental Digital Content 1C, 

http://links.lww.com/TA/B962) and the first 72 hours and days 4 to 7 (Supplemental Digital 

Content 1C and D, http://links.lww.com/TA/B962).

SpO2 Levels

Postintervention, there was a shift not only in the amount of FiO2 used but also in 

the amount of patient time spent within the targeted normoxia range (SpO2, 90–96%). 

Among all patients, there was found to be an overall increase in the amount of patient 

time with SpO2 of 90% to 96%, a decrease in the patient time spent above 98%, and 

no change in the patient time spent in the hypoxia or borderline hypoxia ranges (SpO2, 

<90%) (Supplementary Digital Content 2A, http://links.lww.com/TA/B963). The same 

shift was seen among mechanically ventilated (Supplementary Digital Content 2B, http://

links.lww.com/TA/B963) and nonmechanically ventilated (Supplementary Digital Content 

2C, http://links.lww.com/TA/B963) patients. Postintervention, in patients with an SpO2 of 

>96%, there was a decreased percentage of patient time spent with an FiO2 of >21% in 

patients overall and nonmechanically ventilated patients (Supplemental Digital Content 3A–

C, http://links.lww.com/TA/B964).

Furthermore, there was no change in the percent of patient time over the first 7 days 

spent either hypoxic or mildly hypoxic in the postintervention group (1.0% and <0.5%, 

respectively) compared with the preintervention group (1.1% and <0.5%, respectively) 

(Table 2). In the postintervention period, there was a slight increase in the total patient time 

spent being normoxic (SpO2, 90–96%) (47.6% preintervention vs. 50.9% postintervention) 

and hyperoxic on room air (SpO2 of >96% with an FiO2 of 21%) (10.2% preintervention 

vs. 13.7% postintervention). Finally, there was a reduction in the patient time spent 

being hyperoxic on supplemental oxygen (SpO2 of >96% with an FiO2 of >21%) in the 

postintervention period (40.6% preintervention vs. 33.9% postintervention).

Secondary Patient-Centered Outcomes

The multimodal intervention to target normoxia resulted in no significant difference in 

in-hospital mortality (difference in proportions, 0.02; 95% CI, −0.03 to 0.07), ventilator-free 

days among all patients (mean difference, 0.04; 95% CI, −1.5 to 1.6), hospital-free days 

(mean difference, 2.1; 95% CI, −2.2 to 6.4), or length of stay (mean difference, 1.094; 95% 

CI, −2.373 to 4.561) (Table 3).

DISCUSSION

This multimodal intervention strategy to target normoxia successfully reduced the 

probability of being hyperoxic and on supplemental oxygen in critically ill trauma patients. 

Furthermore, the postimplementation phase had lower patient time spent on high FiO2 levels 

in both mechanically ventilated and nonmechanically ventilated patients identified as either 

normoxic or hyperoxic. The intervention resulted in a higher proportion of patient time 
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spent on room air among those hyperoxic (SpO2, >96%) patients, meaning that no further 

adjustments to lower supplemental oxygen use were possible.

We used a simple multimodal approach to target normoxia through clinical decision support 

tools, provider education, and periodic reminders. This approach successfully reduced the 

probability of being hyperoxic, the probability of being on supplemental oxygen, and the 

time spent on supplemental oxygen. There appeared to be no difference in secondary clinical 

outcomes, although this pilot study was not powered for these effects. Still, safely reducing 

supplemental oxygen use in trauma patients has critical implementation for logistics and 

resource utilization, particularly in combat settings and other remote/austere environments. 

Our pilot study demonstrates the success of such an approach and lays the groundwork for 

a future larger-scale study to validate this practice and assess patient-centered outcomes in 

trauma patients (NCT04534959).

Previous studies demonstrate multiple methods for reducing oxygen supplementation with 

a variety of oxygenation targets and variable implementation outcomes. Mechanically 

ventilated ICU patients randomized to a conservative oxygenation (SpO2, 88–92%) spent 

less time being hyperoxic (4% patient time) but also spent more time being hypoxic (1% 

patient time) compared with those randomized to “liberal” oxygenation (SpO2, ≥96%) 

(22% patient time, hyperoxic; 0.3% patient time, hypoxic).12 Despite the increased rates 

of hypoxia in the conservative oxygenation group, there was no increase in ICU or 90-day 

mortality, allowing authors to argue that this increase was not clinically significant. By 

specifically targeting normoxia (SpO2, 90–96%), our intervention had minimal impact in 

the patient time spent hypoxic, while decreasing the overall probability of being hyperoxic 

and not on room air and increasing the probability of being on room air. This is also 

reflected by no change in patient time spent in hypoxia or borderline hypoxia ranges but an 

increase in patient time spent being normoxic or hyperoxic on room air (Table 2) among the 

postintervention group compared with the preintervention.

Similarly, when Intensive Care Unit Randomized Trial Comparing Two Approaches to 

Oxygen Therapy (ICU-Rox) investigators added a pulse-oximetry alarm for SpO2 of ≥97% 

compared with usual care without a protocol-defined upper limit SpO2, the time spent in 

the hyperoxic range was reduced, and there was no significant increase in hypoxia (SpO2, 

<88%).11 In both the conservative oxygenation and usual care groups, a lower limit pulse 

oximetry alarm was set for SpO2 of 90%, which likely helped to prevent an increase in 

hypoxia. In addition, this study, like the study of Panwar et al.,12 was focused on only 

mechanically ventilated patients, which may limit the applicability to other populations 

whose oxygenation may not be as closely followed and titrated. Taken together, our data 

and the Intensive Care Unit Randomized Trial Comparing Two Approaches to Oxygen 

Therapy (ICU-Rox) study suggest that targeting normoxia through alarms and limiting 

oxygen exposure as opposed to being focused on the target SpO2 without support alarms 

may be more optimal approach.

A common thread in these targeted normoxia studies is the use of a combination of 

educational objectives with technology component (i.e., best practices alert and/or pulse 

oximetry alarms). This approach relies on existing infrastructure and the ability of personnel 
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to provide these educational opportunities. However, an alternative approach is being 

explored in combat settings where preservation of limited oxygenation supplies has broader 

implications for operational logistics and mission planning. One approach is to deploy a 

portable oxygen concentrator to a closed loop ventilation system. Such a system relies 

on a computer program to coordinate ventilator and concentrator functions and allows 

the program to automatically adjust the FiO2 delivered in response to measured SpO2 

values. Currently, this system has been tested in proof-of-concept experiments and porcine 

models but is not widely used.26,27 Such a design may have important advantages over 

our approach to targeted normoxia, including the potential for tighter oxygenation control 

and less personnel requirements for titration. The main disadvantage compared with our 

approach is the requirement of specialized ventilator systems. However, further studies are 

needed to determine the best approach (closed loop systems vs. multimodal interventions) 

for specific populations and treatment settings.

Given our pilot study design, our results were meant to inform a larger-scale validation 

rather than provide conclusive analyses of all secondary outcomes proposed. While neither 

our approach nor the two previous approaches demonstrated a significant effect on mortality, 

targeting a conservative oxygenation practice (PaO2, 70–100 mm Hg; SpO2, 94–98%) 

instead of the “conventional” oxygenation practice (PaO2, up to 150 mm Hg; SpO2, 97–

100%) was associated with reduced mortality (relative risk [RR], 0.57; 95% CI, 0.37–0.90) 

in a single-center randomized trial of primarily medical patients.10 In the previous studies, 

there was more direct oversight in terms of strict adherence to the protocol than would be 

expected from our quasiexperimental intervention, which more accurately reflects routine 

clinical implementation of targeted normoxia.

This study was limited by its design, as it was conducted at a single institution with 

a relatively small sample size over a limited time frame. In addition, the study is 

limited to validated SpO2 and FiO2 data collected in a patient’s medical record. It is 

possible that, outside of the times where data were pulled from monitors into eRecord, 

patients experienced transient episodes of hypoxia or hyperoxia that were not captured. 

However, by the nature of the patient monitoring in the ICU setting, these missed episodes 

would typically be brief and are less likely to be clinically significant. In addition, this 

study was conducted at an elevation of approximately 5,300 ft, which may limit the 

extrapolation of some results to sea-level populations. As a pilot study, it was not powered 

to detect a significant impact on patient-centered clinical outcomes. However, the data 

gathered were used to plan a larger, multicenter implementation clinical trial, which is 

underway (NCT04534959). In addition, this study is the first to broadly address normoxia 

implementation (targeting an SpO2 of 90–96%) specifically in critically ill trauma patients 

and takes a practical implementation strategy that could be deployed in a variety of clinical 

settings to improve patient outcomes.

In conclusion, this multimodal intervention strategy with educational activities and 

electronic health record alerts to target normoxia (SpO2, 90–06%) reduced the amount of 

supplemental oxygen used (lower patient time spent on high levels FiO2) and increased 

the amount of patient time spent normoxic. Future multicenter clinic trials are needed 

to evaluate the effect of such interventions on patient outcomes in a variety of critically 
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ill trauma civilian and military populations who may respond differently to close oxygen 

titration.
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Figure 1. 
Electronic health record alert. Example of the electronic health record best practices alert 

triggered by patients found to have a sustained SpO2 of >96% for at least 30 minutes 

demonstrating common clinical exceptions to targeted normoxia.
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Figure 2. 
FiO2 and SpO2 over time. Comparison of the (A) mean FiO2 and (B) mean SpO2 by day 

in the preintervention and postintervention period. Data shown represent the mean value and 

SE of the mean. Comparison of the (C) predicted probability of being on room air (FiO2, 

0.21) and (D) predicted probability of being hyperoxic (SpO2, >96%) and not on room air 

among the preintervention and postintervention period. Data shown represent the predicted 

probability with standard errors.
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Figure 3. 
Percent total patient time at a given FiO2. Amount of patient time spent oxygenating at a 

given FiO2 for patients categorized as either normoxic (SpO2, 90–96%) or hyperoxic (SpO2, 

>96%) in the preintervention and postintervention periods. Including (A) all patients over 

the first 7 days and (B) all patients over the first 72 hours and days 4 to 7.
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TABLE 1.

Patient Demographic and Injury Characteristics

Characteristics Preintervention (n = 371) Postintervention (n = 201) χ2 or t Test p Value

Age, mean (SD), y 55.3 (21.4) 52.5 (21.4) 0.14

Sex, female, n (%) 113 (30) 62 (31) 0.99

Race/ethnicity, n (%)

 Hispanic 83 (22) 51 (25) 0.24

 Non-Hispanic Black 49 (13) 20 (10)

 Non-Hispanic White 194 (52) 114 (57)

 Other 45 (12) 16 (8)

Insurance type, n (%)

 Private 101 (27) 63 (31) 0.08

 Medicare 140 (38) 56 (28)

 Medicaid 102 (27) 69 (34)

 Other 5 (1) 3 (1)

Current/former smoker, n (%) 121 (33) 70 (35) 0.72

Alcohol use, n (%) 128 (35) 81 (40) 0.30

Substance abuse, n (%) 50 (13) 31 (15) 0.86

Comorbidities

 Cardiopulmonary,* n (%) 82 (22) 56 (28) 0.15

 No. other, median (IQR) 3.0 (1.0–4.0) 3.0 (1.0–4.0) 0.68

Mechanism of injury,** n (%)

 Blunt trauma — fall 156 (42) 90 (45) 0.18

 Blunt trauma — MVA 132 (36) 73 (36)

 Nonblunt — penetrating 38 (10) 10 (5)

 Nonblunt — other 45 (12) 28 (14)

Mode of arrival, n (%)

 EMS 250 (67) 148 (74) 0.94

 Walk-in 49 (13) 30 (15)

APACHE II score, median (IQR) 8.0 (6.0–15.0) 8.0 (5.0–15.4) 0.87

*
Cardiopulmonary comorbidities were defined as congestive heart failure, valvular disease, pulmonary circulation disorders, and chronic 

pulmonary disease.

**
Injury classifications: blunt trauma — fall, that is, any falls; blunt trauma — MVA, that is, any motor vehicle accident; nonblunt — penetrating, 

that is, stabbing, cuts, gunshots wounds; nonblunt — other, that is, burns, drowning, struck by other object, assault, bicycle accident.

APACHE II, Acute Physiology and Chronic Health Evaluation II; EMS, emergency medical service; IQR, interquartile range; MVA, motor vehicle 
accident.
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TABLE 2.

Patient Time in a Given SpO2 Category

SpO2 Category Patient Time Preintervention, % Patient Time Postintervention, %

Hypoxia (SpO2, <88%) 1.1 1.0

Mild hypoxia (SpO2, 88–89%) <0.5 <0.5

Normoxia (90–96%) 47.6 50.9

Hyperoxia on FiO2 of 21% 10.2 13.7

Hyperoxia on FiO2 of >21% 40.6 33.9
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TABLE 3.

Overall Patient Outcomes by Pre/Postintervention Period

Outcome Preintervention (n = 371) Postintervention (n = 201) Difference (95% Cl)

In-hospital mortality, n (%)

 Live 250 (94) 185 (92) 0.02 (−0.03 to 0.07)

 Died 21 (6) 16 (8)

Ventilator-free days Overall

 Mean (SD) 23.3 (8.7) 23.2 (9.2) 0.04 (−1.5 to 1.6)

 Median (IQR) 28.0 (24.0–28.0) 28.0 (24.0–28.0) n/a

 Ever mechanically ventilated only

 Mean (SD) 17.2 (10.3) 16.4 (11.1) 0.9 (−2.1 to 3.8)

 Median (IQR) 22.0 (6.0–26.0) 22.0 (1.0–26.0) n/a

Required mechanical ventilation, n (%) 161 (43) 78 (39) 0.05 (−0.04 to 0.1)

Hospital-free days

 Mean (SD) 73.8 (23.2) 71.7 (25.5) 2.09 (−2.2 to 6.4)

 Median (IQR) 83.0 (74.0–87.0) 83.0 (72.0–86.0) n/a

Length of stay

 Mean (SD) 12.9 (27.5) 11.8 (14.7) 1.1 (−2.4 to 4.6)

 Median (IQR) 6.0 (3.0–13.0) 7.0 (4.0–15) n/a

IQR, interquartile range; n/a, not applicable.
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