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Introduction

Oxygen therapy is commonly used. The speculation of 
increased oxygen demand and decreased oxygen supply in 
critically ill patients promotes the use of oxygen therapy 
in intensive care units (ICUs). However, hyperoxia can 
be harmful in critically ill patients with specific diseases. 
Examples are myocardial infarction (MI) patients and 
patients resuscitated to the return of spontaneous circulation 
after cardiac arrest. In the Air Versus Oxygen in Myocardial 
Infarction (AVOID) trial, Stub and colleagues (1) found that 

hyperoxia caused more cardiac injury in patients with ST-
elevation MI but without hypoxia. Kilgannon and colleagues 
(2,3) found that arterial hyperoxia following resuscitation 
from cardiac arrest was associated with increased in-hospital 
mortality, and a pulse oxygen saturation (SpO2) of 94–98% 
was recommended (4).

In general, for critically ill patients without severe acute 
respiratory syndrome (ARDS), evidence regarding oxygen 
therapy is scarce. Recently, Panwar and colleagues (5) found 
that compared to a liberal oxygen strategy (SpO2 ≥96%), a 
conservative oxygen strategy (SpO2 of 88–92%) was feasible 
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in patients receiving invasive mechanical ventilation. 
Girardis and colleagues (6) found that control oxygen 
therapy (target SpO2 of 94–98% or PaO2 of 70–100 mmHg) 
resulted in lower ICU mortality than conventional oxygen 
therapy (SpO2 ≥97%) in the randomized clinical trial called 
Oxygen-ICU. However, the Oxygen-ICU trial was a single-
centered study with only 480 included patients that was 
terminated early after an unplanned interim analysis (6,7). 

We hypothesized that low SpO2-targeted oxygen therapy 
was safe and would reduce the 28-day mortality in patients 
staying longer than 72 hours in ICUs. We assumed a 28-day 
mortality rate of 30% in the high SpO2 group based on our 
retrospective data and estimated that the enrollment of 2,148 
patients would enable the detection of an absolute between-
group difference of 6% in 28-day mortality at a two-sided 
significance level of 0.05 with a power of 90% and a drop-
out rate of 20%. We conducted a single-center randomized 
controlled pilot study of 10% of the estimated sample size 
in our ICU to test the feasibility of SpO2 directed oxygen 
therapy and to rationalize our large-sample multicenter 
trial.

Methods

Study design and patient screening

The protocol had been previously approved by the ethics 
committee of Tongji Medical College, Huazhong University 
of Science and Technology, with which our hospital is 
affiliated. Written informed consent was obtained from 
each patient’s legal surrogate.

All patients aged 18 years or older and admitted to 
the ICU with an expected length of stay of 72 hours or 
longer were screened. Estimation of ICU stay was made 
by one of the three authors, who has been working in a 
general ICU for at least of 7 years. The exclusion criteria 
included the following: ICU readmission, patients with 
acute exacerbation of chronic obstruction disease, patients 
with severe acute respiratory distress syndrome [defined as 
PaO2/fraction of inspiratory oxygen (FiO2) ≥100 mmHg], 
inclusion in another interventional trial, a decision to 
withhold life-sustaining treatment, pregnancy, paraquat 
poisoning and not having been screened within 12 hours 
after admission.

Randomization and study treatment

On inclusion, patients were randomized by a computerized 

random-number generator into a low SpO2 group or a high 
SpO2 group. The randomization sequence was concealed 
in sequentially numbered, closed, opaque envelopes that 
were opened after patient study inclusion. In the low SpO2 
group, the SpO2 target was 90–95%, with the FiO2 as low 
as possible. In the high SpO2 group, the SpO2 target was 
96–100%, with FiO2 no lower than 30%. If SpO2 was 
unattainable, SO2 from arterial blood gas was used. During 
intubation, airway suction, tracheostomy and other critical 
situations such as hemodynamic collapse, physicians could 
temporarily elevate FiO2 to 100%. If severe adverse events 
that were possibly associated with hypoxia occurred in the 
low SpO2 group, the treating physicians could withdraw 
the patient. All other actions, including (but not limited 
to) noninvasive ventilation, intubation, ventilator setting, 
vasoactive drug support, radiological examination, arterial 
blood gas sampling and microbiological sampling, were 
performed according to institutional protocols. The treating 
team was aware of the SpO2 target and adjusted the FiO2 
accordingly, but the included patients were unaware of their 
treatment group.

Data collection

Demographic data, Acute physiology, Age, and Chronic 
Health Evaluation II (APACHE II) scores, type of admission 
(medical or surgical), and Charlson comorbidity scores were 
collected. FiO2 and SpO2 were recorded every six hours 
until 14 days, death or ICU discharge, whichever came 
first. The time-weighted averages of FiO2 and SpO2 were 
calculated as the mean value of 2 consecutive measurements 
multiplied by the time (hours) between the measurements 
and divided by all the time combined (hours). The time-
weighted average pO2 from the arterial blood gas analysis 
was calculated in the same manner. The use of invasive 
mechanical ventilation and renal replacement therapy were 
recorded daily. Follow-up phone calls were made every 
week after discharge until 28 days after inclusion.

Outcomes

The primary outcome was 28-day mortality. The secondary 
outcome was ICU mortality. It is common that in China, 
patients’ legal surrogates do not want terminal patients to 
die in the hospital, and they would check out the patients 
in the agonal stage. The patients who were checked out 
in the agonal stage and actually died within 24 hours were 
considered to have died in our ICU.
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Statistical analysis

For all randomized patients, an intent-to-treat (ITT) analysis 
was used. A 72-hour subgroup analysis was also used for 
randomized patients who stayed in the ICU longer than  
72 hours. Continuous data were expressed as the mean ± SD 
or median interquartile range (IQR). For each continuous 
variable, normality was determined by two-way analysis of 
variance. If the F value was statistically significant, an unpaired 
two-tailed Student’s t-test was used to evaluate differences 
between groups. Otherwise, the Mann-Whitney U test was 
used. Categorical data were expressed as counts (percentage  
in %) and analyzed by the chi-square test. The effect of oxygen 
therapy on the time to death was assessed using Kaplan-Meier 
analysis and the log-rank test. A P value of <0.05 was regarded 
as statistically significant. We used Stata/IC 15.1 software 
(StataCorp, Texas, USA) for the statistical analysis.

Results

Study population

From February 17th to October 24th in 2017, we screened 

717 patients and included 214 patients (Figure 1). For the 
ITT analysis, data from 100 patients in the low SpO2 group 
and 114 patients in the high SpO2 group were used. For 
the 72-hour subgroup analysis, data from 78 patients in the 
low SpO2 group and 90 patients in the high SpO2 group 
were used. The median age, gender, APACHE II score, 
type of admission, Charlson comorbidity score, mechanical 
ventilation and renal replacement were similar between 
the two groups (Table 1). More respiratory failure patients 
were included in the low SpO2 group than in the high SpO2 
group (63% vs. 46.5%, P=0.016).

Oxygen control and outcomes

In the ITT population, the time-weighted SpO2 average 
during the ICU stay was significantly lower in the low 
SpO2 group than in the high SpO2 group (mean ± SD: 
95.7%±2.3% vs. 98.2%±1.8%, P<0.001) and the time-
weighted FiO2 average was significantly lower in the low 
SpO2 group than in the high SpO2 group {median IQR: 
33 [25–42] vs. 42 [36–50], P<0.001} (Table 2). The time-
weighted pO2 averages were borderline significantly 

Figure 1 Screening process and patients inclusion. ICU, intensive care unit; SpO2, pulse oxygen saturation.

717 patients screened

214 patents included

Low SpO2 group (n=100) High SpO2 group (n=114)

ICU stay less than 72 hours: 24 patientsICU stay less than 72 hours: 22 patients

Low SpO2 group (n=78) High SpO2 group (n=90)

503 patients excluded:

• Younger than 18 years old: 13

• Expected ICU stay less than 72 hours: 395

• Unconsented to be included: 37

• ICU readmission: 9

• Acute exacerbation of chronic obstructive pulmonary disease: 4

• Severe acute respiratory distress syndrome: 6

• Inclusion into another interventional trial: 1

• Life support withheld: 2

• Not screened in 12 hours after ICU admission: 33

• Pregnancy: 1

• Paraquat poisoning: 2
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Table 1 Characteristics of the patients at study inclusion between the two groups

Demographic data and ICU 
support

ITT analysis 72-hour subgroup analysis

Low SpO2 group 
(n=100)

High SpO2 group 
(n=114)

P
Low SpO2 group 

(n=78)
High SpO2 group 

(n=90)
P

Age, median [IQR], year 56 [46–69] 60 [46–69] 0.595 58 [46–72] 60 [46–68] 0.952

Gender (female) 31 (31.0) 45 (40.4) 0.205 26 (33.3) 35 (38.9) 0.455

APACHE II, median [IQR] 17 [12–21] 17 [12–22] 0.302 17 [12–21] 18 [13–21] 0.298

Type of admission 0.516 0.385

Medical 88 (88.0) 94 (82.5) 68 (87.2) 73 (81.1)

Surgical 12 (12.0) 14 (12.3) 10 (12.8) 17 (18.9)

Charlson comorbidity score 0.809 0.990

<3 74 (74.0) 86 (75.4) 59 (75.6) 68 (75.6)

≥3 26 (26.0) 28 (24.6) 19 (24.4) 22 (24.4)

ICU admission

Respiratory failure 63 (63.0) 53 (46.5) 0.016 49 (62.8) 41 (45.6) 0.025

Shock

Septic 21 (21.0) 20 (17.5) 0.522 16 (20.5) 17 (18.9) 0.792

Hypovolemia 2 (2.0) 7 (6.1) 0.132 1 (1.3) 5 (5.6) o.137

Cardiac 4 (4.0.) 2 (1.8) 0.321 4 (5.1) 2 (2.2) 0.311

Renal failure 14 (140) 17 (14.9) 0.850 9 (11.5) 13 (14.4) 0.578

Mechanical ventilation 83 (83.0) 96 (84.2) 0.811 64 (82.1) 77 (85.6) 0.537

Renal replacement therapy 59 (59.0) 65 (57.0) 0.769 43 (55.1) 48 (53.3) 0.816

All data were expressed count (percentage in %) except age and APACHE II. ICU, intensive care unit; ITT, intention to treat; IQR, 
interquartile range; APACHE II, Acute physiology, Age, and Chronic Health Evaluation II.

Table 2 Oxygen parameters, primary outcome and secondary outcome

Oxygen parameters and 
mortality 

ITT analysis 72-hour subgroup analysis

Low SpO2 group 
(n=100)

High SpO2 group 
(n=114)

P
Low SpO2 group 

(n=78)
High SpO2 group 

(n=90)
P

SpO2, mean ± SD, % 95.7±2.3 98.2±1.8 <0.001 95.9±2.3 98.1±.9 <0.001

pO2, median [IQR], mmHg 84 [71–99] 98 [79–116] 0.060 86 [71–101] 98 [79–116] 0.108

FiO2, median [IQR], % 33 [25–42] 42 [36–50] <0.001 33 [25–40] 42 [36–48] <0.001

28-day mortality 26 (26.0) 37 (32.5) 0.301 15 (19.2) 24 (27.8) 0.195

ICU mortality 21 (21.0) 32 (28.1) 0.232 11 (14.1) 21 (23.3) 0.129

Mortality data were expressed count (percentage in %). ICU, intensive care unit; ITT, intention to treat; SD, standard deviation; IQR, 
interquartile range; ICU, intensive care unit.
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different [median IQR: 84 [71–99] in the low SpO2 group 
vs. 98 [79–116] in the high SpO2 group, P=0.060] (Table 2). 
The analysis of the 72-hour subgroup population yielded 
results similar to those of the ITT analysis.

In the ITT population, 26 patients in the low SpO2 
group (26%) died within 28 days after inclusion compared 
with 37 patients who died in the high SpO2 group (32.5%) 
(P=0.301) (Table 2). The ICU mortality was not significantly 
different either (21% in the low SpO2 group vs. 28.1% in 
the high SpO2 group, P=0.232) (Table 2). The analysis of 
the 72-hour subgroup population yielded results similar to 
those of the ITT analysis with respect to both the primary 
and secondary outcomes. The time to death within 28 days 
between the two groups was not different (P=0.284) (Figure 2).

Discussion

In our single-center pilot trial, SpO2 directed oxygen 
therapy in critical patients was feasible. No significant 
difference in 28-day mortality or in ICU mortality was 
found between the low SpO2 group and the high SpO2 
group.

Although there is considerable evidence regarding 
oxygen therapy in cardiac ICU patients, evidence pertaining 
to oxygen therapy in general ICU patients without ARDS 
is lacking. Stub and colleagues (1) found that hyperoxia 
caused more cardiac injury, but they declared that the 
AVOID trial was not powered for clinical end points, 
including mortality. In the subsequent DETO2X-AMI 
trial to evaluate the effects of supplemental oxygen on hard 
clinical endpoints, Hofmann and colleagues (8) found that 
the routine use of supplemental oxygen in patients with 
suspected MI who did not have hypoxemia did not reduce 

or increase the 1-year all-cause mortality. When focusing 
on patients with ST-elevation MI, they found a similar 
result (9). Two meta-analyses of oxygen therapy in patients 
with acute MI reached the same conclusions, which were 
that oxygen therapy was not associated with important 
clinical outcomes in normoxemic patients (10,11). Greater 
cardiac injury did not lead to more death in patients with 
acute MI. In general ICU patients, the limitations of the 
Oxygen-ICU trial were clear, and we are hoping to provide 
more evidence after conducting our registered Pulse 
Oxygen Saturation Directed Oxygen Therapy (POSDOT) 
trial. Along with POSDOT (NCT02999932), there are 
other ongoing large randomized controlled trials evaluating 
the efficacy of conservative oxygen therapy versus 
conventional oxygen therapy, for example, the ICU-ROX 
(ACTRN12615000957594), LOCO2 (NCT02713451), 
HOT-ICU (NCT03174002) and ICU-Conservative O2 
(EUDRACT 2018-002525-35) trials (12).

For all patients included in our pilot study, the ICU 
mortality rate was 24.8%, and the 28-day mortality rate 
was 29.4%, which coincided with our estimation and was 
reasonable for sample size calculation. As far as we know, 
the 28-day mortality rate in general ICU patients in China 
has not been reported before. The ICU mortality in our 
pilot study was higher than that in the study by Girardis 
and colleagues (11.6% in the conservative group and 20.2% 
in the conventional group) (6), which could be explained by 
the severity of patients in the Chinese ICU compared with 
that in the European ICU (13).

Different SpO2 targets were used, especially in the low 
SpO2 group. Focusing on patients who were invasively 
ventilated, Panwar and colleagues (5,14) set a target of  
88–92% in the conservative oxygen group in comparison 
with ≥96% in the l iberal  group.  Addit ional ly,  in 
mechanically ventilated patients, Suzuki and colleagues (15)  
performed a prospective before-after study, in which a 
SpO2 target of 90–92% in the conservative oxygen group 
was used. Although they did not evaluate the feasibility 
or efficacy of low SpO2 targeted oxygen therapy, Frat and 
colleagues (16) targeted SpO2 ≥92% in spontaneously 
breathing patients with nonhypercapnic acute hypoxemic 
respiratory failure. Our SpO2 target in the low SpO2 group 
was relatively high, and pO2 was not targeted. Due to fear of 
hypoxia-induced injury, our ethics committee advised a SpO2 
target of 90–95% instead of our planned target of 88–92% 
in the low SpO2 group. Our ethics committee also advised 
us not to change our routine care by performing more 
arterial blood gas analyses, since no compensation would 

Figure 2 Probability of survival from study randomization 
through day 28 for patients in the two groups. SpO2, pulse oxygen 
saturation.

Kaplan-Meier survival estimates
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be provided to the patients. Girardis and colleagues (6)  
had an even higher target in their conservative group (SpO2 

94–98%, pO2 70–100 mmHg) and conventional control 
group (SpO2 97–100%, pO2 up to 150 mmHg).

Although the SpO2 targets were able to be significantly 
differentiated between the two groups by only accommodating 
FiO2, most of the time, the mean SpO2 was higher than the 
predefined upper limit of the SpO2 target in the lower SpO2 

group. The mean area under the curve for SpO2 was 93.4%, 
but the target was 88–92% in the conservative oxygen 
group in Panwar and colleagues’ study (5,14). The median 
time-weighted average SpO2 in the conservative oxygen 
group was 95.5% in the study by Suzuki and colleagues (15),  
which was higher than the upper target limit of 92%. In 
our study, the target was 90–95%, but the time-weighted 
average SpO2 was 95.7% in the low SpO2 group. Further 
efforts are needed to strengthen compliance with the study 
protocol.

There were several important things worth noting while 
conducting multicenter trial. First, simple randomization 
may cause a difference in the number of patients between 
the two groups. A 1:1 ratio randomization stratified to 
study centers should be used in the upcoming multicenter 
randomized trial. Second, the time-weighted pO2 averages 
were not significantly different between the two groups, 
possibly because the time-weighted SpO2 average in the low 
SpO2 group was slightly higher than the upper limit of the 
SpO2 target or because pO2 was not the target in our study. 
Third, the low SpO2 group had more patients with respiratory 
failure than the high SpO2 group had (P=0.016). However, the 
percentage of patients receiving mechanical ventilation and 
APACHE II scores were not statistically different between 
the two groups (P=0.811, P=0.302, respectively). Fourth, 
during the screening process, more than half of the patients 
were excluded because of an expected ICU stay of less than  
72 hours. This exclusion was reasonable because, in China, 
half of ICU patents, who are mainly postoperative patients, are 
discharged from the ICU within 24 hours (13).

Conclusions

SpO2 directed oxygen therapy in critical patients is feasible. 
Our pilot trial necessitates and rationalizes our large-
sample, multicenter trial.
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