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ABSTRACT

BACKGROUND

Invasive mechanical ventilation in critically ill adults involves adjusting the fraction
of inspired oxygen to maintain arterial oxygen saturation. The oxygen-saturation
target that will optimize clinical outcomes in this patient population remains
unknown.

METHODS

In a pragmatic, cluster-randomized, cluster-crossover trial conducted in the emer-
gency department and medical intensive care unit at an academic center, we as-
signed adults who were receiving mechanical ventilation to a lower target for oxy-
gen saturation as measured by pulse oximetry (Spo,) (90%; goal range, 88 to 92%),
an intermediate target (94%; goal range, 92 to 96%), or a higher target (98%; goal
range, 96 to 100%). The primary outcome was the number of days alive and free
of mechanical ventilation (ventilator-free days) through day 28. The secondary
outcome was death by day 28, with data censored at hospital discharge.

RESULTS

A total of 2541 patients were included in the primary analysis. The median number
of ventilator-free days was 20 (interquartile range, 0 to 25) in the lower-target
group, 21 (interquartile range, 0 to 25) in the intermediate-target group, and 21
(interquartile range, 0 to 20) in the higher-target group (P=0.81). In-hospital death
by day 28 occurred in 281 of the 808 patients (34.8%) in the lower-target group,
292 of the 859 patients (34.0%) in the intermediate-target group, and 290 of the
874 patients (33.2%) in the higher-target group. The incidences of cardiac arrest,
arrhythmia, myocardial infarction, stroke, and pneumothorax were similar in the
three groups.

CONCLUSIONS
Among critically ill adults receiving invasive mechanical ventilation, the number
of ventilator-free days did not differ among groups in which a lower, intermediate,
or higher Spo, target was used. (Supported by the National Heart, Lung, and Blood
Institute and others; PILOT ClinicalTrials.gov number, NCT03537937.)
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ACH YEAR, 2 TO 3 MILLION CRITICALLY

ill adults in the United States receive

invasive mechanical ventilation.”* In-
hospital mortality among critically ill adults
receiving mechanical ventilation remains ap-
proximately 35%.47

Mechanical ventilation in critically ill adults
universally involves adjusting the fraction of
inspired oxygen (F10,) to maintain arterial oxy-
gen saturation — as assessed by pulse oximetry
(Spo.) or blood gas analysis (Sa0,) — or arte-
rial oxygen tension (i.e., partial pressure of ar-
terial oxygen [Pao,]). The oxygenation target
that optimizes clinical outcomes for critically
ill adults remains unknown. Spo, targets that
are on the higher end of the range used in
clinical care (96 to 100%) provide a margin of
safety against hypoxemia but may increase ex-
posure to excess FI0,, hyperoxemia, and tissue
hyperoxia, causing oxidative damage®° in-
flammation,'*!? and increased alveolar—capil-
lary permeability.”® Spo, targets on the lower
end of the range used in clinical care (88 to
92%) minimize these risks'*?® but may increase
exposure to hypoxemia and tissue hypoxia.!®
An intermediate Spo, target (92 to 96%) may
avoid the risks of both hyperoxia and hypoxia
or, conversely, may expose patients intermittently
to both sets of risks.!*%

Randomized trials examining oxygenation
targets among critically ill adults have had dif-
fering results, including no difference in out-
comes between targets,”?® better outcomes with
a lower target,* and better outcomes with a
higher target.”*® Observational studies have re-
ported a U-shaped association between oxygen-
ation and clinical outcomes,’®?” with intermedi-
ate Spo, values of approximately 94 to 96%
being associated with better outcomes than ei-
ther higher or lower values. However, trials in
which an intermediate target is compared with
either higher or lower targets are lacking. Varia-
tion in current clinical practice®?° and differenc-
es in the targets recommended in different in-
ternational guidelines®* indicate the need for
further clinical trials to determine the effect of
Spo, target on patient outcomes.'*** To deter-
mine the effects of lower, intermediate, and
higher Spo, targets on clinical outcomes among
critically ill adults receiving mechanical ventila-
tion, we conducted the Pragmatic Investigation
of Optimal Oxygen Targets (PILOT) trial.
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METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted a pragmatic, unblinded, cluster-
randomized, cluster-crossover trial to compare
the use of a lower Spo, target (90%; goal range,
88 to 92%), an intermediate Spo, target (94%;
goal range, 92 to 96%), and a higher Spo, target
(98%; goal range, 96 to 100%) during invasive
mechanical ventilation in critically ill adults. The
trial was initiated by the investigators and ap-
proved by the institutional review board at Vander-
bilt University Medical Center with waiver of in-
formed consent (see the Supplementary Appendix,
available with the full text of this article at NEJ]M
.org). It was registered at ClinicalTrials.gov before
initiation and overseen by an independent data
and safety monitoring board. Enrollment began
on July 1, 2018; was paused from April 1, 2020,
until May 31, 2020, because of the coronavirus
disease 2019 (Covid-19) pandemic; and conclud-
ed on August 31, 2021 (36 months of enrollment).
The protocol (available at NEJM.org) and statisti-
cal analysis plan were published before enrollment
concluded.”

The authors designed the trial, collected the
data, and performed the analyses. The institu-
tions that provided funding had no role in the
design or conduct of the trial, collection of the
data, or analysis, interpretation, and presentation
of the results. The first author drafted the manu-
script. All the authors revised the manuscript,
vouch for the accuracy and completeness of the
data and for the fidelity of the trial to the proto-
col, and approved the decision to submit the
manuscript for publication.

TRIAL SITES AND PATIENT POPULATION

The trial was conducted in the emergency depart-
ment (ED) and medical intensive care unit (ICU)
at Vanderbilt University Medical Center in Nash-
ville. All eligible adults (>18 years of age) located
in the medical ICU or located in the ED with
planned admission to the medical ICU were en-
rolled at the time of the first receipt of invasive
mechanical ventilation. Patients were excluded if
they were pregnant or incarcerated.

RANDOMIZATION AND TREATMENT ASSIGNMENTS

All eligible patients in the ED and ICU were as-
signed together as a single cluster to an Spo, target
(cluster-level randomization). Every 2 months, the
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ED and ICU switched together from the use of a
lower, intermediate, or higher Spo, target in a
randomly generated sequence (cluster-level cross-
over). During the 36 months of the trial, the
single cluster (ED and ICU) had 18 trial periods
that were 2 months in duration (Fig. S1 in the
Supplementary Appendix). The order of trial-
group assignments for each 2-month period was
generated by computerized randomization with
the use of permuted blocks of three to minimize
the effect of seasonal variation and temporal
changes. The final 7 days of each 2-month pe-
riod were considered to be an analytic washout
period during which the ED and ICU continued
to use the assigned Spo, target but data from
new patients were not included in the primary
analysis. For patients who continued to receive
mechanical ventilation in a trial location after
the end of the washout period, the Spo, target
was selected by treating clinicians. Patients and
clinicians were aware of the group assignments.

INTERVENTION

The Spo, targets in the lower-, intermediate-, and
higher-target groups were 90% (goal range, 88 to
92%), 94% (goal range, 92 to 96%), and 98% (goal
range, 96 to 100%), respectively. The trial proto-
col instructed respiratory therapists to adjust the
F10, to achieve the target Spo, beginning within
15 minutes after initiation of mechanical venti-
lation and ending at discontinuation of mechani-
cal ventilation, transfer out of a participating unit,
or the end of the 2-month study period, which-
ever occurred first. The trial protocol did not
determine the Spo, target when the patient was
not physically located in a study unit (e.g., during
transport), when F10, was being administered
for purposes other than achieving a target Spo,
(e.g., oxygen administration during a procedure),
or during a spontaneous breathing trial.*® Spo,
was assessed by means of continuous pulse ox-
imetry, with an alarm set for Spo, values lower
or higher than the goal range. When pulse oxim-
etry monitoring was unavailable or inaccurate,
oxygen therapy was adjusted with the use of Pao,
targets of 60 mm Hg in the lower-target group,
70 mm Hg in the intermediate-target group, and
110 mm Hg in the higher-target group (Fig. S2).
If, at any time, a treating clinician, patient, or
family member determined that an oxygenation
target other than that assigned by the trial might
be best for the treatment of the patient, the oxy-

genation target for that patient was modified and
the reason for modifying the target was recorded.
The trial protocol directed only the adjustment
of F10, to the assigned Spo, target. Other aspects
of mechanical ventilation, including selection of
tidal volume and positive end-expiratory pressure,
frequency of arterial blood gas measurement,
administration of analgesia and sedation, and
timing of extubation, were determined by insti-
tutional protocols and treating clinicians (see the
Supplemental Methods section).

DATA COLLECTION

Trial personnel collected data on baseline char-
acteristics, treatment received during the trial, and
in-hospital outcomes from the electronic health
record with the use of a standardized case-report
form. Data on Spo,, F10,, and ventilator settings
were automatically extracted from the bedside
monitor at a frequency of every 1 minute with
the use of a previously validated approach.*® Data
on safety outcomes were obtained from the elec-
tronic health record with the use of a standard-
ized case-report form by trial personnel who were
unaware of the group assignments.

OUTCOME MEASURES

The primary outcome was the number of days alive
and free of mechanical ventilation (ventilator-
free days) through day 28, defined as the num-
ber of calendar days alive and free of invasive
mechanical ventilation beginning the day after
the final receipt of invasive mechanical ventila-
tion through day 28.4°*! Outcome ascertainment
ceased at the time of hospital discharge or day 28,
whichever occurred first. Patients were assigned a
value of 0 ventilator-free days if they died before
day 28, continued to receive mechanical ventila-
tion beyond day 28, or continued to receive me-
chanical ventilation at the time of hospital dis-
charge. The sole prespecified secondary outcome
was death from any cause by day 28, with data
censored at hospital discharge. Exploratory out-
comes are described in the Supplementary Ap-
pendix.

STATISTICAL ANALYSIS

Details of the sample-size calculation have been
reported previously.”” Using data from a previous
trial conducted in the same clinical context,*” we
estimated that, during the 36 months of the trial,
2250 patients would be enrolled and included in
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the primary analysis, the median number of ven-
tilator-free days would be 22 (interquartile range,
0 to 25), and the intracluster intraperiod correla-
tion would be 0.01. We calculated that enrollment
of 2250 patients would provide 92% power at a
two-sided alpha level of 0.05 to detect an abso-
lute difference of 2 ventilator-free days between
any two of the three trial groups. A difference of
this magnitude has been considered to be clini-
cally meaningful in the design of previous critical
care trials.?2#44

The primary analysis population included all
enrolled patients except those admitted during
one of the 7-day washout periods and those with
a laboratory-confirmed diagnosis of Covid-19.
Patients with Covid-19 were not included in the
primary analysis population because the major-
ity of the trial occurred before the Covid-19 pan-
demic and patients with Covid-19 were primarily
cared for in a separate ICU that did not participate
in the trial.

In the primary analysis, the number of venti-
lator-free days was compared among patients
assigned to the lower-, intermediate-, and higher-
target groups with the use of a proportional-odds
model with independent covariates of group as-
signment and time.**® To account for seasonal-
ity and secular trends, we included the time from
the start of the trial (in days) as a continuous
variable with values ranging from 1 (first day of
enrollment) to 1097 (final day of enrollment);
restricted cubic splines with five knots were used
to allow for nonlinearity. In addition to assessing
for an overall group effect within the model, we
estimated the differences between each pair of
Spo, targets by extracting 95% confidence inter-
vals from the model. For the primary outcome,
the intraclass correlation calculated with the use
of an analysis-of-variance method was 0.007.

In sensitivity analyses, we used alternative
definitions of the trial population and alternative
statistical methods for analyzing the primary
outcome, including an analysis involving patients
admitted during washout periods and patients
with Covid-19 and an analysis with adjustment
for age, sex, race and ethnic group, source of ICU
admission, vasopressor receipt, acute diagnoses
at enrollment, and severity of illness as assessed
by the nonrespiratory Sequential Organ Failure
Assessment score (Table S1).4*® Effect modifica-
tion was assessed in a proportional-odds model
by including an interaction term between trial-

group assignment and a prespecified baseline
variable. Prespecified potential effect modifiers
included age, race and ethnic group, receipt of
supplemental oxygen at the place of residence,
preenrollment cardiac arrest, acute myocardial
infarction, sepsis as defined according to Sepsis-3
criteria, and acute respiratory distress syndrome
as defined according to Berlin criteria (see the
Supplementary Appendix).>

The data and safety monitoring board re-
viewed a single planned interim analysis of data
from patients enrolled during the first 18 months
of the trial, in which the primary outcome was
compared among the groups with the use of a
Haybittle—Peto stopping boundary for efficacy of
a P value of less than 0.001. For the final analy-
sis of the primary outcome, a two-sided P value
of less than 0.05 was considered to indicate sta-
tistical significance. Between-group differences
in secondary and exploratory outcomes are re-
ported with the use of a complete-case analysis
with point estimates and 95% confidence inter-
vals. The widths of the confidence intervals were
not adjusted for multiplicity and should not be
used to infer definitive differences in treatment
effects among the groups. All analyses were per-
formed with R software, version 4.1.0 (R Founda-
tion for Statistical Computing).

RESULTS

TRIAL POPULATION

Of the 3024 patients who received invasive me-
chanical ventilation and underwent screening, 37
(1.2%) met exclusion criteria and 2987 (98.8%)
were enrolled in the trial (Fig. S3). Of these 2987
patients, 446 (14.9%) were excluded from the
primary analysis because they had been enrolled
during an analytic washout period or had a diag-
nosis of Covid-19 and 2541 (85.1%) were included
in the primary analysis. Among the 2541 patients
in the primary analysis, 808 (31.8%) were as-
signed to the lower-target group, 859 (33.8%) to
the intermediate-target group, and 874 (34.4%) to
the higher-target group. The trial groups had
similar characteristics at baseline (Table 1 and
Tables S2 through S7).

OXYGENATION AND ICU INTERVENTIONS

A total of 7,818,831 Spo, values were measured
between enrollment and cessation of invasive me-
chanical ventilation among the 2541 patients; the
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Median age (IQR) —yr

Female sex — no. (%)

Race or ethnic group — no. (%)
White
Black
Other

Median time from initiation of mechanical ventilation
to enrollment (IQR) — hri:

Location at enrollment — no. (%)
Emergency department
Intensive care unit
Coexisting conditions — no. (%)
Chronic obstructive pulmonary disease
Coronary artery disease
End-stage kidney disease, receiving RRT
Acute illnesses§
Cardiac arrest — no. (%)
Acute myocardial infarction — no. (%)
Sepsis or septic shock — no. (%)
Stage =Il acute kidney injury — no./total no. (%)
Receipt of vasopressors — no. (%)

Median nonrespiratory SOFA score (IQR)q

Lower Intermediate Higher
Spo, Target Spo, Target Spo, Target
(N=808) (N=859) (N=874)
57 (44-67) 59 (47-68) 59 (45-68)
361 (44.7) 385 (44.8) 409 (46.8)
649 (80.3) 666 (77.5) 695 (79.5)
121 (15.0) 140 (16.3) 136 (15.6)
38 (4.7) 53 (6.2) 43 (4.9)
0.0 (0.0-4.9) 0.0 (0.0-4.5) 0.0 (0.0-5.5)
280 (34.7) 313 (36.4) 282 (32.3)
528 (65.3) 546 (63.6) 592 (67.7)
148 (18.3) 175 (20.4) 169 (19.3)
145 (17.9) 152 (17.7) 178 (20.4)
52 (6.4) 46 (5.4) 39 (4.5)
125 (15.5) 100 (11.6) 109 (12.5)
136 (16.8) 138 (16.1) 145 (16.6)
275 (34.0) 247 (28.8) 283 (32.4)
231/756 (30.6) 248/813 (30.5) 243/835 (29.1)
160 (19.8) 171 (19.9) 153 (17.5)
5 (4-8) 5 (4-8) 5 (3-8)

o

“ A total of 2541 patients were enrolled during 18 periods of 2 months each: 808 during 6 periods assigned to the lower

Spo, target (90%), 859 during 6 periods assigned to the intermediate Spo, target (94%), and 874 during 6 periods as-
signed to the higher Spo, target (98%). IQR denotes interquartile range, and RRT renal-replacement therapy.

" Information on race and ethnic group was obtained from the electronic health record. “Other” includes American

Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander, and unspecified.

i Calculation of this measure included 2468 patients (784 in the lower-target group, 832 in the intermediate-target group,

and 852 in the higher-target group) who had not been receiving long-term mechanical ventilation at their place of resi-

dence before enrollment.

§ Sepsis or septic shock was defined according to the Sepsis-3 criteria.* Acute kidney injury of stage Il or greater was
defined according to Kidney Disease Improving Global Outcomes creatinine criteria. The category of acute kidney injury
includes 2404 patients who had not received RRT before enroliment.

9§ The nonrespiratory Sequential Organ Failure Assessment (SOFA) score is composed of scores from five organ sys-
tems (excluding the respiratory system), graded from 0 to 4 according to the degree of dysfunction or failure. Scores
range from 0 (no evidence of nonrespiratory organ dysfunction or failure) to 20 (evidence of severe nonrespiratory or-

gan dysfunction or failure) (Table S1).

median number of Spo, measurements per pa-
tient was 1517 (interquartile range, 562 to 3800),
and the median interval between Spo, measure-
ments was 1 minute (interquartile range, 1 to 1).
Spo, and Pao, values were lower in the lower-
target group than in the intermediate- or higher-
target groups (Fig. 1, Figs. S4 and S5, and Tables
§8, 89, and §10). A single mean Spo, value was
calculated for each patient in the lower-, inter-

mediate-, and higher-target groups; in an analy-
sis of these mean values, the medians were 94%,
95%, and 97%, respectively. The percentage of all
Spo, measurements with a value of 99% or 100%
was 12.3% in the lower-target group, 14.7% in the
intermediate-target group, and 32.7% in the
higher-target group; the percentage of measure-
ments with a value of less than 85% was 0.8%,
0.6%, and 0.9%, respectively. The incidence and
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duration of hypoxemia characterized by Spo,
values of less than 85%, less than 80%, or less
than 70% were similar in the three groups (Ta-
ble §11). Instances in which the SpO, target was
modified are described in Table S12.

A total of 7,641,557 F10, values were measured
(Fig. 1 and Fig. S6). In an analysis of the mean
F10, value in each patient in the lower-, interme-
diate-, and higher-target groups, the medians were

N ENGL J MED 387,19
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A 0.31, 0.37, and 0.45, respectively (Table S9). The
100— percentages of F10, values that were 0.21 (i.e.,
99 equivalent to ambient air) in the lower-, interme-
98 diate-, and higher-target groups were 33.8%,
Higher Spo, target o o .
97 21.9%, and 4.0%, respectively. The percentages
< Zg_ Intermediate Spo, target of FI0, values that were 0.40 or higher were
E 94: 32.6%, 44.9%, and 69.1%, respectively (Table S8).
& g Tower Spo, target Information on modes of mechanical ventila-
92 tion, tidal volume, coma, delirium, sedative re-
914 ceipt, organ function, laboratory values, and
90 positive end-expiratory pressure is provided in
0 ! T T T T T T ! Tables S13 through S17. The median positive
o end-expiratory pressure was 5 cm of water in
s each trial group on days 1 through 7.
B
. PRIMARY OUTCOME
The number of ventilator-free days through day
\/ Higher Spo target 28 did not differ significantly among the trial
507 ) groups, with a median of 20 days (interquartile
Intermediate Spo, target .
- range, 0 to 25) in the lower-target group, 21 days
ér; (interquartile range, 0 to 25) in the intermediate-
2 target group, and 21 days (interquartile range,
get group y q g
30 Lower Spo; target 0 to 26) in the higher-target group (P=0.81)
(Fig. 2, Tables S18 and S19, and Fig. S7). Results
214 were similar in analyses that included adjustment
0 . . . . . . | for baseline covariates, analyses that included
0 ! 2 3 4 > 6 ¢ patients who had been enrolled during analytic
Days washout periods and patients with Covid-19, and
No. at Risk analyses in which alternative approaches to mod-
Higher 874 599 411 302 233 175 138 110 . .
Intermediate 859 597 415 320 251 193 159 134 | eling ventilator-free days were used (Table S20
Lower 80 532 360 245 192 149 117 92 and Fig. S8). The results for the primary outcome
Figure 1. Spo, and Fio, Values in Each Group. did not appear to C.hffer among the tFlal grqups n
) : ) any of the prespecified subgroups (Fig. 3, Figs. S9
Shown are the mean values (colored lines) and 95% confidence intervals 4 510 d Table S21
(gray shading) for the hourly mean oxygen saturation as measured by pulse an » and 1able )-
oximetry (Spo,) (Panel A) and the fraction of inspired oxygen (Fio,) (Panel B)
from enrollment to day 7; data were censored at the time that invasive me- SECONDARY AND EXPLORATORY OUTCOMES
chanical ventilation was discontinued. Spo, and Fio, values were obtained At 28 days, 281 patients (34.8%) in the lower-
.approximately every 1 minljlte, and hourly means were calculated bx averag- target group, 292 patients (34.0%) in the inter-
ing all measurements obtained during the hour. The number of patients di d 290 . 33.29
who were alive and receiving invasive mechanical ventilation in each group .me late-_targEt group, an p.atlents (33.2%)
on each day is shown. in the higher-target group had died before hos-

pital discharge (Table 2 and Fig. S11). The pre-
specified exploratory clinical outcomes were sim-
ilar in the three groups (Table 2 and Tables S22
and S23).

SAFETY OUTCOMES

The incidences of cardiac arrest, arrhythmia, myo-
cardial infarction, ischemic stroke, and pneumo-
thorax or pneumomediastinum were similar in
the three groups (Table S24). One adverse event
(bradycardia) was reported in a patient in the
lower-target group (Table S25).
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DISCUSSION

Among the critically ill adults receiving me-
chanical ventilation in this clinical trial, the
number of ventilator-free days and the incidence
of death did not differ among groups of patients
in which a lower, intermediate, or higher Spo,
target was used. We found no apparent differ-
ences in subgroup analyses of the primary out-
come or in analyses of any secondary or explor-
atory outcome. The clinical implication of these
findings is that, among patients in the ICU re-
ceiving mechanical ventilation, limiting exposure
to supplemental oxygen by targeting Spo, values
as low as 90% does not prevent death or expe-
dite liberation from mechanical ventilation.

Our findings are consistent with those of
three recent randomized trials in which no dif-
ferences between lower and higher oxygenation
targets were observed.”* Our results add to the
understanding of the effects of oxygenation tar-
gets on clinical outcomes in two ways. First,
observational research has proposed a U-shaped
association between oxygenation and clinical
outcomes,*>! with better outcomes at intermedi-
ate oxygen levels than at either lower or higher
oxygen levels. Whereas previous trials primarily
compared lower and higher oxygenation targets,
our trial directly compared lower and higher
targets with an intermediate target; we found no
evidence to support a U-shaped relationship be-
tween oxygenation and outcomes. Second, previ-
ous trials obtained Spo, and F10, values every
6 to 12 hours, whereas in our trial we obtained
Spo, and F10, values approximately every 1 min-
ute, which allowed for more granular assessments
of adherence to oxygen targets, supplemental oxy-
gen exposure, and incidence and duration of
hypoxemia.

The results of our trial differ from those of a
previous trial* in which mortality among 434
patients in a single ICU who were treated with
an Spo, target of 94 to 98% was lower than
mortality among patients treated with a target of
97 to 100%. Our results also differ from those
of a previous trial®® involving 201 patients with
acute respiratory distress syndrome who were
receiving mechanical ventilation, in which mor-
tality was found to be higher among the patients
treated with a Pao, target of 55 to 70 mm Hg
than among those treated with a target of 90 to

105 mm Hg. In contrast to these initial findings,

1.0 )
Alive
—— Higher Spo, target
0.9+ Intermediate Spo, target
— Lower Spo, target
0.8+
0.7
£
9 0.6
e
]
&
3]
e 0.5
2
5
g- 0.4 $
& .." P=0.81 for the comparison of ventilator-free days
0349
:
:' Breathing without Mechanical
0.2+ ' Ventilation
H - - = Higher Spo, target
0.1 .-' Intermediate Spo, target
N - == Lower Spo, target
0.0 T T T T T T

Days

T T T T T T T 1
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Figure 2. Proportion of Patients Alive and Not Receiving Invasive Mechanical

Ventilation.

The proportion of patients who were alive and breathing without invasive
mechanical ventilation during the 28 days after enrollment in each Spo.-
target group is shown. In a proportional-odds model, the number of days
that patients were alive and free of invasive mechanical ventilation through
day 28 did not differ significantly among the groups (P=0.81).

the results of our trial and three other recent
trials* suggest that, within the range of Spo,
values from 90 to 98%, the choice of oxygen-
ation target does not affect clinical outcomes for
a broad population of critically ill adults.

Our trial has several additional strengths.
The sample of 2541 patients, which was a great-
er number of patients receiving mechanical venti-
lation than in previous trials,??** permitted more
precise estimates of treatment effect. Key sub-
groups were represented, including patients with
sepsis®* and patients with cardiac arrest™; find-
ings in these subgroups, paired with results from
previous trials,*>>* may help to identify areas
for future investigation. Generalizability was en-
hanced by the pragmatic trial design and the
exclusion of only 1% of patients, as compared
with 30%,%! 48%,%° 54%,% 70%,* and 94%> of
patients in previous trials. Enrollment occurred
immediately on first receipt of invasive mechan-
ical ventilation, including mechanical ventilation
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in the ED before ICU admission, thereby captur-
ing the period of highest risk for hyperoxemia
and hypoxemia and minimizing contamination
among the groups with respect to oxygen expo-
sure before enrollment. Our finding of no differ-
ence among the targets was consistent across all
outcomes, subgroups, and numerous sensitivity
analyses.

Our trial also has several limitations. Al-
though conducting the trial at a single center
increased internal validity by facilitating fidelity
to the intervention and the collection of granu-
lar data on separation among the groups, it
limits generalizability. Starting the trial inter-
vention immediately on first receipt of invasive
mechanical ventilation precluded baseline as-
sessments of severity of lung injury, such as the
ratio of Pao, to Fio,. As in previous trials in this
field,?»*>>® patients and clinicians were aware of
the oxygenation target assignments. The pri-
mary and secondary outcomes of the trial were
assessed at 28 days; collection of data on out-
comes at 12 months is ongoing. The trial proto-
col did not control additional interventions such
as positive end-expiratory pressure, choice of
sedation, and approach to ventilator weaning.
However, these interventions were standardized

according to institutional protocols and showed
no apparent differences among the groups. Spo,
and Pao, each have advantages and disadvan-
tages as targets during critical illness, including
the fact that the accuracy of pulse oximetry may
be affected by skin pigmentation.”® The results
of our trial in which Spo, targets were used were
similar to those of previous trials in which Pao,
targets were used.??

Among critically ill adults receiving invasive
mechanical ventilation, the number of ventila-
tor-free days did not differ among groups in
which a lower Spo, target (90%), an intermedi-
ate Spo, target (94%), or a higher Spo, target

(98%) was used.
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