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IMPORTANCE Supplemental oxygen is ubiquitously used in patients with COVID-19 and severe
hypoxemia, but a lower dose may be beneficial.

OBJECTIVE To assess the effects of targeting a Pao, of 60 mm Hg vs 90 mm Hg in patients
with COVID-19 and severe hypoxemia in the intensive care unit (ICU).

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial including 726 adults
with COVID-19 receiving at least 10 L/min of oxygen or mechanical ventilation in 111CUs in
Europe from August 2020 to March 2023. The trial was prematurely stopped prior to
outcome assessment due to slow enrollment. End of 90-day follow-up was June 1, 2023.

INTERVENTIONS Patients were randomized 1:1to a Pao, of 60 mm Hg (lower oxygenation
group; n = 365) or 90 mm Hg (higher oxygenation group; n = 361) for up to 90 days in the
ICU.

MAIN OUTCOMES AND MEASURES The primary outcome was the number of days alive without
life support (mechanical ventilation, circulatory support, or kidney replacement therapy) at
90 days. Secondary outcomes included mortality, proportion of patients with serious adverse
events, and number of days alive and out of hospital, all at 90 days.

RESULTS Of 726 randomized patients, primary outcome data were available for 697 (351in
the lower oxygenation group and 346 in the higher oxygenation group). Median age was 66
years, and 495 patients (68%) were male. At 90 days, the median number of days alive
without life support was 80.0 days (IQR, 9.0-89.0 days) in the lower oxygenation group and
72.0 days (IQR, 2.0-88.0 days) in the higher oxygenation group (P = .009 by van Elteren test;
supplemental bootstrapped adjusted mean difference, 5.8 days [95% Cl, 0.2-11.5 days];

P = .04). Mortality at 90 days was 30.2% in the lower oxygenation group and 34.7% in the
higher oxygenation group (risk ratio, 0.86 [98.6% Cl, 0.66-1.13]; P = .18). There were no
statistically significant differences in proportion of patients with serious adverse events or in
number of days alive and out of hospital.

CONCLUSION AND RELEVANCE In adult ICU patients with COVID-19 and severe hypoxemia,
targeting a Pao, of 60 mm Hg resulted in more days alive without life support in 90 days than
targeting a Pao, of 90 mm Hg.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04425031
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OVID-19 pneumonia may result in hypoxemic respira-
tory failure requiring high levels of supplemental oxy-
gen and intensive care. From the beginning of the
COVID-19 pandemic, the Surviving Sepsis Campaign recom-
mended a peripheral oxygen saturation (Spo,) between 90%
and 96%.! Since then, a subgroup analysis of patients with
COVID-19 from the Handling Oxygenation Target in the Inten-
sive Care Unit (HOT-ICU) trial was published,?> while other
studies of oxygenation targets in the intensive care unit (ICU)
excluded* or included very few® COVID-19 patients.
Targeted oxygenation in critically ill patients in the ICU has
been extensively investigated in recent years, but there re-
mains uncertainty about the effects of higher vs lower oxy-
genation strategies.® Prior results may not be transferable to
patients with COVID-19 pneumonia, as a distinct pulmonary
pathophysiology is described.” Furthermore, randomized clini-
cal trials primarily included invasively mechanically venti-
lated patients, but in recent years, noninvasive ventilation and
high-flow nasal oxygen are more common tools to correct hy-
poxemia in the ICU.8™ These were widely used during the
COVID-19 pandemic,'? but with uncertain evidence.>* The
post hoc subgroup analysis of 110 patients with COVID-19 and
acute hypoxemic respiratory failure in the HOT-ICU trial? in-
cluded both mechanically ventilated patients and those treated
in open systems, finding that the percentage of days alive with-
out life support was significantly higher when targeting a Pao,
of 60 mm Hg compared with a Pao, of 90 mm Hg, but with no
difference in the primary outcome of mortality at 90 days.>
Establishing a safe oxygenation strategy in COVID-19 pa-
tients may ensure that supplemental oxygen is dosed for op-
timal effect and minimal harm while allowing efficient use of
available oxygen supplies, ICU beds, and ventilators.
Therefore, the Handling Oxygenation Targets in COVID-19
(HOT-COVID) trial was planned to test the hypothesis that tar-
geting a Pao, of 60 mm Hg compared with 90 mm Hg would
increase the number of days alive without life support in 90
days in ICU patients with COVID-19 and severe hypoxemia.

Methods

Trial Design and Oversight

The trial was an investigator-initiated, multicenter, parallel-
group clinical trial using centralized randomization with com-
puter-generated concealed assignment sequences in per-
muted blocks of varying sizes stratified for trial site. Thirteen
ICUs in Denmark, Switzerland, Norway, Iceland, and Wales par-
ticipated. Due to the nature of the intervention, clinicians, pa-
tients, and relatives were not blinded. A detailed protocol with
statistical analysis plan was published before inclusion of the
last patient (Supplement 1).!® This trial was approved by the
Danish Medicines Agency and relevant ethics committees as
an amendment to the HOT-ICU trial protocol.? For all pa-
tients, written informed consent was temporarily obtained
from a trial-independent physician until patients regained ca-
pacity or surrogates became available. In case of consent with-
drawal, the intervention was stopped, but permission was re-
quested from the patient or a surrogate to continue data
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Key Points

Question Does targeting a Pao, of 60 mm Hg vs 90 mm Hg affect
the number of days alive without life support in intensive care unit
patients with COVID-19 and severe hypoxemia?

Findings In this randomized trial including 726 patients, targeting
a Pao, of 60 mm Hg resulted in 80.0 days alive without support at
90 days compared with 72.0 days when targeting a Pao, of 90
mm Hg. This difference was statistically significant.

Meaning A Pao, target of 60 mm Hg vs 90 mm Hg resulted in
more days alive without life support in intensive care unit patients
with COVID-19 and severe hypoxemia.

registration and use trial data according to national
regulations.

The trial was designed and overseen by a steering com-
mittee. An independent data and safety monitoring commit-
tee monitored the trial and reviewed the planned interim analy-
sis after 390 patients (50% of the planned sample size) had
completed 90-day follow-up (eAppendix 1in Supplement 2).
The data and safety monitoring committee received outcome
data for the separate intervention groups without being in-
formed of which group represented the higher and lower oxy-
genation targets. No outcome data were assessed between the
interim analysis and trial termination. The steering commit-
tee had no access to the interim data. Trial data collection, stor-
age, approval, and management of consent were externally
monitored in accordance with the Good Clinical Practice di-
rective of the European Union. The trial is reported in accor-
dance with the CONSORT 2010 statement on reporting guide-
lines for parallel-group randomized trials.'®

Patients

We included adult patients (=18 years of age) acutely admit-
ted to a participating ICU with confirmed COVID-19 and se-
vere hypoxemia who were expected to receive supplemental
oxygen for at least 24 hours in the ICU and had a functioning
arterial line for Pao, monitoring. An arterial line is standard care
in in all participating ICUs. Severe hypoxemia was defined as
receiving supplemental oxygen with a flow of at least 10 L/min
in an open system or receiving invasive mechanical ventila-
tion, noninvasive ventilation, or continuous positive airway
pressure by mask irrespective of the fraction of inspired
oxygen (F10,). Patients who could not undergo randomiza-
tion within 12 hours of ICU admission, patients for whom con-
sent could not be obtained, and those previously randomized
into the HOT-ICU or HOT-COVID trials were excluded. Addi-
tional exclusion criteria and detailed descriptions of all inclu-
sion and exclusion criteria are presented in eAppendix 1 in
Supplement 2.

Intervention

Patients were randomized 1:1 to receive supplemental oxy-
gen targeting a Pao, of either 60 mm Hg (lower oxygenation
group) or 90 mm Hg (higher oxygenation group). Oxygen-
ation targets were achieved through titration of the adminis-
tered F10, and maintained based on continuous measure-
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ment of Spo, and its correlation with the associated
measurement of Pao,. Ventilator settings and choice of
oxygen supplementation device were at the discretion of the
treating clinicians. Deviations above the allocated oxygen-
ation target were allowed only if Fi0, was 0.21, and devia-
tions below the allocated oxygenation target were allowed only
if F10, was 1.00. Patients treated with supplementary oxygen
in an open system were not to be intubated to reach the allo-
cated oxygenation target if no other criteria for invasive me-
chanical ventilation were present and if an F10, 0of1.00 was ad-
ministrated. Weaning was not protocolized, but neither the
allocated oxygenation target nor the specific Fi0, cutoff lev-
els could dictate timing of extubation if all other criteria were
present. All sites participated in the HOT-ICU trial and were ex-
perienced in handling intubation and extubation in the 2 oxy-
genation groups. The frequency of Pao, measurements re-
quired to meet the oxygenation target was not protocolized,
but at least 4 measurements per day were expected. The in-
tervention was implemented for the entire ICU stay, includ-
ing readmissions, up to a maximum of 90 days after random-
ization. During the intervention period, the highest and lowest
Pao, measurements, with concomitant F10, and arterial oxy-
gen saturation (Sao,) levels, were recorded in prespecified
12-hour intervals.

Outcome Measures

The primary outcome was the absolute number of days alive
without life support in 90 days, defined by the absence of me-
chanical ventilation (invasive mechanical ventilation, nonin-
vasive ventilation, or nonintermittent continuous positive air-
way pressure), circulatory support (inotropes or vasopressors),
or kidney replacement therapy, with no penalization for death.
Extracorporeal membrane oxygenation itself did not count as
life support. Patients receiving long-term hemodialysis were
included even though these patients had an expected zero days
alive without life support in 90 days. All days alive without life
support, including days in between episodes of circulatory sup-
port or mechanical ventilation, but excluding days in be-
tween intermittent kidney replacement therapy, were counted
as days alive without life support, regardless of vital status at
day 90. In patients transferred to nonparticipating ICUs, data
on the primary outcome were obtained through direct con-
tact or use of common electronic patient journal systems de-
pending on local availability. Only patients with full fol-
low-up in all 90 days were included in the analyses of the
primary outcome. Secondary outcomes were 90-day all-
cause mortality; number of patients with 1 or more serious ad-
verse events in the ICU within 90 days, defined as a new epi-
sode of shock, cerebral ischemia, myocardial infarction, or
intestinal ischemia; and absolute number of days alive and out
of hospital in 90 days. Detailed information regarding out-
come measures is provided in eAppendix 1in Supplement 2.

Statistical Analysis

Based on the data and clinical experience at the beginning of
the COVID-19 pandemic in the spring of 2020,%!7 we ex-
pected that 40% of patients would die within 90 days while
receiving life support, and survivors would receive an aver-
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age of 14 days of life support, thus averaging 45.6 days alive
without life support for the higher oxygenation group. We es-
timated that the lower oxygenation target would reduce
90-day mortality by a 20% relative reduction and yield a 10%
decrease in days receiving life support for survivors, corre-
sponding to an average of 52.6 days alive without life support
in the lower oxygenation group. Based on this, we estimated
that with a power of 80% and a 2-sided a = .05, 780 patients
were needed to detect the absolute between-group differ-
ence of 7 days alive without life support.

The statistical analyses were conducted in accordance with
the published protocol and statistical analysis plan.'® All sta-
tistical analyses, with the exception of the per-protocol sen-
sitivity analyses, were conducted in the intention-to-treat
population, corresponding to all randomized patients except
those for whom data were unavailable because consent was
withdrawn or unobtainable. Analyses of the primary and sec-
ondary outcomes were conducted blinded to oxygenation tar-
get allocation.

For the continuous outcomes of absolute numbers of days
alive without life support and days alive and out of hospital,
both at 90 days, P values were analyzed using the nonpara-
metric van Elteren test with stratification for trial site, as the
assumptions of a Poisson or a negative binomial distribution
were not met.'® For the primary outcome, the absolute differ-
ence adjusted for site and the 95% CI were calculated using a
generalized linear model with an identity link and a Gaussian
data distribution and were bootstrapped with 10 000 repeti-
tions. A similar approach was applied for a secondary analy-
sis of the primary outcome adjusted for the stratification vari-
able site and for the predefined baseline factors of age, active
hematological malignancy, chronic obstructive pulmonary dis-
ease, active metastatic cancer, and Sequential Organ Failure
Assessment score.!® Furthermore, analysis of the primary out-
come was supplemented with 2 post hoc analyses with death
penalized to either zero days alive without life support or -1
day alive without life support, as these approaches are preva-
lent in contemporary randomized clinical trials in ICU
patients.2° The dichotomous outcomes of 90-day all-cause
mortality and proportion of patients with 1 or more serious ad-
verse event in the ICU were analyzed using a generalized lin-
ear model with a log-link and binomial error distribution and
stratification for trial site. Results of the secondary outcomes
are reported as relative risks and risk differences with multi-
plicity-adjusted 98.6% ClIs.'>*! Statistical significance was in-
dicated by a 2-sided P < .05 for the primary outcome, includ-
inginteraction tests in subgroup analyses, and by a multiplicity-
adjusted P < .014 for the 3 secondary outcomes.'® No
adjustments were conducted for multiplicity for the primary
outcome.

The analysis of number of days alive without life support
was supplemented with stacked bar charts of percentages of
patients being deceased, alive receiving life support, or alive
without life support, including separate charts for the 3 types
oflife support. Furthermore, the initiation of mechanical ven-
tilation was visualized using bar charts of the cumulative pro-
portion of patients receiving mechanical ventilation in the in-
tervention period. The analysis of 90-day all-cause mortality
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Figure 1. Flow of Participants in the HOT-COVID Trial

786 Patients with COVID-19
assessed for eligibility

60 Excluded?

46 Could not undergo randomization

12 No provision of consent
5 Active therapy withdrawn
4 Pregnancy
1 Use of home oxygen supplementation
1 Previously treated with bleomycin
1 Sickle cell disease

(" 726 Randomized )

@ Number of exclusions adds to more
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365 Randomized to receive lower oxygenation ‘ ‘ 361 Randomized to receive higher oxygenation

patients could have more than 1
reason for trial exclusion at

v

14 Lost to 90-d follow-up
11 Withdrew consent prior to 90 dP
3 Consent not granted®

15 Lost to 90-d follow-up
12 Withdrew consent prior to 90 db
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i screening.

®Provided data at baseline and for
the analysis of serious adverse
events.

v

v

351 Included in primary analysis ‘ ‘

346 Included in primary analysis

< All data were deleted on request of
patients or next of kin in accordance

with national regulations.

was supplemented with crude Kaplan-Meier plots and calcu-
lation of a hazard ratio from a Cox proportional hazards model
adjusted for site. Heterogeneity of the treatment effect for the
primary outcome was assessed in 5 prespecified subgroups that
were defined at baseline according to the presence or ab-
sence of chronic obstructive pulmonary disease, active hema-
tological malignancy, shock (defined as use of vasopressors or
inotropes and serum lactate >2 mmol/L), and invasive me-
chanical ventilation and according to Pao,:Fi0, ratio. For each
subgroup analysis, a bootstrapped 95% CI, adjusted for site,
was calculated using 10 000 repetitions. Each subgroup was
tested for interaction with the intervention. Sensitivity analy-
ses were conducted to evaluate the primary outcome in 4 pre-
specified per-protocol populations, excluding patients accord-
ing to deviations from the allocated oxygenation target
(eAppendix 1in Supplement 2). Additionally, the time from trial
initiation to patient randomization was tested for interaction
with the intervention effect as a post hoc analysis. All analy-
ses were performed using Stata statistical software, release 17
(StataNordic).

. |
Results

Participants

From August 25, 2020, to March 8, 2023, a total of 726 pa-
tients (93%) of the preplanned 780 patients were enrolled in
11 ICUs in Denmark, Switzerland, and Norway, with no pa-
tients enrolled in Iceland or Wales; 365 patients were allo-
cated to the lower oxygenation group and 361 patients to the
higher oxygenation group (Figure 1). The trial was stopped pre-
maturely after a decision made by the steering committee based
on a persistently low enrollment rate in the final year (eFig-
ure 1 in Supplement 2). Data on the primary outcome were
available for 697 (96.0%) of 726 patients (Figure 1). Patient char-
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acteristics at baseline were largely similar in the intervention
groups, except for age and incidence of myocardial infarction
(Table 1).

Trial and Concomitant Interventions

During the 90-day intervention period, Pao,, Sao,, and Fio,
were lower in the lower oxygenation group compared with the
higher oxygenation group (Figure 2; eFigures 2-4 and eTable 4
in Supplement 2). Data on the 12-hour highest and lowest Pao,,
measurements with corresponding Sao, and Fio, values are
presented in eFigures 5-7 in Supplement 2. Distributions of
daily mean of all registered Pao, values are presented in eFig-
ure 8 in Supplement 2. Data on the use of mechanical venti-
lation, prone positioning, inhaled vasodilators, extracorpo-
real membrane oxygenation, circulatory support, kidney
replacement therapy, and blood transfusions during the in-
tervention period, as well as daily ventilator settings at 8 AM,
are shown in Table 2. A total of 110 (40.4%) of 272 patients in
the lower oxygenation group and 133 (48.2%) of 276 patients
in the higher oxygenation group who were not invasively me-
chanically ventilated at baseline received invasive mechani-
cal ventilation in ICU at any time throughout the 90-day in-
tervention period.

Primary Outcome

In the 90-day period, the median number of days alive with-
out life support was 80.0 days (IQR, 9.0-89.0 days) in the lower
oxygenation group and 72.0 days (IQR, 2.0-88.0 days) in the
higher oxygenation group (P = .009 by van Elteren test; supple-
mental bootstrapped site-adjusted mean difference, 5.8 days
[95% CI, 0.2-11.5 days]; P = .04) with zero and maximum-
inflated distributions for both groups (eFigure 9 in Supple-
ment 2). Similar results were found after adjustment for base-
line risk factors (bootstrapped baseline-adjusted mean
difference, 5.2 days [95% CI, 0.0-10.4 days]; P = .05) (Table 2).
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Table 1. Baseline Participant Characteristics

Lower oxygenation

Higher oxygenation

Characteristics (n =362)° (n = 358)°
Age, median (IQR), y 65 (54-73) 66 (57-76)
Sex, No. (%)
Female 109 (30.1) 116 (32.4)
Male 253 (69.9) 242 (67.6)
Interval between hospital admission and randomization, 2 (1-4) 2(1-4)
median (IQR), d
Interval between intensive care unit admission and 3(1-7) 3(1-7)
randomization, median (IQR), h
Coexisting illness, No. (%)
Ischemic heart disease 38(10.5) 34 (9.5)
Chronic obstructive pulmonary disease 28(7.7) 24(6.7)
Active hematological malignancy 26(7.2) 35(9.8)
Long-term dialysis 9(2.5) 8(2.2)
Active metastatic cancer 8(2.2) 8(2.2)
Type of admission, No. (%)
Medical 361(99.7) 357(99.7)
Elective surgical 0 0
Emergency surgical 1(0.3) 1(0.3)
Acute illness, No. (%)
Pneumonia 265 (73.2) 258 (72.1)
Acute respiratory distress syndrome 149 (41.2) 144 (40.2)
Myocardial infarction 7 (1.9) 1(0.3)
Cardiac arrest 2 (0.6) 5(1.4)
Hemorrhagic or ischemic stroke 1(0.3) 2 (0.6)
Intestinal ischemia 2 (0.6) 0
Multiple trauma 1(0.3) 0
Invasive ventilation
Patients, No. (%) 90 (24.9) 82(22.9)
Tidal volume, median (IQR), mL 520 (450-608) 515 (470-595) Abbreviations: CPAP, continuous
End-expiratory pressure, median (IQR), cm H,0 12 (10-14) 12 (9-12) g’:’tz:;’fo‘l';‘;’ggSp;tejrs:tzgnsi%z
Peak pressure, median (IQR), cm H,0 25(23-28) 25 (25-28) fraction of inspired oxygen.
Noninvasive ventilation or CPAP @ Data on all baseline characteristics
Patients, No. (%) 41(11.3) 52 (14.5) were missing for 3 patients in each
End-expiratory pressure, median (IQR), cm H,0 8 (6-9) 8 (6-9) group.
= ®Fio, in open systems was estimated
Treatment in an open system, No. (%) 231(63.8) 224 (62.6) using standardized conversion
Pao,, median (IQR), mm Hg 70 (62-80) 71 (62-84) tables. See eTable 1in
Sao,, median (IQR), % 94 (91-96) 94 (91-96) Supplement 2.

Fi0,, median (IQR)®
Pao,:Fio, ratio, median (IQR)
In all systems
In closed systems
Lactate level, median (IQR), mmol/L
Lowest mean arterial pressure, median (IQR), mm Hg®
Use of vasopressors
Patients, No. (%)

Highest dose of norepinephrine, median (IQR),
pg/kg/mind
SOFA score®

0.80(0.61-1.00)

91(71-122)
99 (75-148)
1.4(1-1.9)
72 (62-84)

82(22.7)
0.13(0.07-0.34)

3(2-5)[n=357]

¢ Lowest median value of the mean
arterial pressure recorded during
the 24 hours before randomization.

0.80 (0.62-1.00)

96 (74-124) 9|n patients receiving norepinephrine

109 (80-149) at baseline.

1.4 (1-2) € Scores on the Sequential Organ
Failure Assessment (SOFA) range

71(62-83

( ) from O to 24, with higher scores

indicating more severe organ

69 (19.3) failure. Definitions of SOFA scoring

in the HOT-COVID trial and single
components of the baseline SOFA
score are available in eTables 2 and
3in Supplement 2.

0.12 (0.06-0.29)

3(2-6) [n=352]

Post hoc analyses of the primary outcome penalized for death

and additional post hoc statistical tests showed similar re-
sults (eTables 5 and 6 in Supplement 2), as did the pre-

planned per-protocol sensitivity analyses excluding patients
according to deviations from the oxygenation targets (eTable 7

jama.com

in Supplement 2). Intervention effects on the primary out-
come were similar between trial sites (eFigure 15 in Supple-
ment 2). Distributions of days alive without life support, days
alive receiving life support, and death are shown in Figure 3A.
The difference in numbers of days alive without life support
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Figure 2. Values for Pao,, Sao,, and Fio, According to Oxygenation Strategy

@ Median values of daily means of Pao,

110+ Higher oxygenation group
® Lower oxygenation group
100+
e | 1] | |
pu g
&
Iy
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=
Y
= ‘
70+
60 T T T T T T
0 5 10 15 20 25 30

Days after randomization

Median values of daily means of Sao,
98+

Median Sao,, %

90 T T T T

Daily medians were calculated from
patient-level daily means of the
12-hour lowest and highest Pao,, with
concomitant values for arterial
oxygen saturation (Sao,) and fraction
of inspired oxygen (F10,). Whiskers

Days after randomization

Median values of daily means of Fi0,

represent IQRs. A, For the entire
90-day intervention period, the
higher oxygenation group had a
median Pao, of 91 mm Hg (IQR,
84-96 mm Hg), while the lower
oxygenation group had a median

25 30

109 Pao, of 71mm Hg (IQR, 68-75 mm
Hg). B, For the entire 90-day
097 intervention period, the higher
oxygenation group had a median
0.8 Sa0, of 95.5% (IQR, 94.3%-96.2%),
Lg:‘ 071 \ ‘ while the Igwer oxygenation group
- ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ had a median Sao, of 92.9% (IQR,
% 0.6 ‘ ‘ 91.9%-93.9%). C, For the entire
= 90-day intervention period, the
054 ‘ higher oxygenation group had a
median Fio, of 0.68 (IQR, 0.57-0.81),
041 % while the lower oxygenation group
had a median Fio, of 0.54 (IQR,
03 ‘ ‘ ‘ ‘ ‘ ‘ 0.45-0.69). Similar presentations of
0 5 10 15 20 25 30 the full 90-day intervention period
Days after randomization are presented in eFigures 2-4 and
) data on the number of patients
No. of patients I .
Higher oxygenation 356 280 178 129 90 62 a1 contributing oxygenation data are
Lower oxygenation 361 254 157 101 72 46 37 presented in eTable 2 in
Supplement 2.
was mainly driven by use of mechanical ventilation (eFigures = Secondary Outcomes

10-12in Supplement 2). Subgroup analyses of the primary out-
come showed a significant interaction for patients with shock
atbaseline with an increased number of days alive without life
support in the lower oxygenation group (Figure 3B). The pri-
mary outcome was robust throughout the inclusion period
(eAppendix 2 in Supplement 2).
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At 90 days, 106 (30.2%) of 351 patients in the lower oxygen-
ation group had died and 120 (34.7%) of 346 patients in the
higher oxygenation group had died (risk ratio, 0.86 [98.6% CI,
0.66-1.13]; P = .18) (Table 2; eFigure 16 in Supplement 2). The
numbers of days alive and out of hospital at 90 days and the
proportion of patients with 1 or more serious adverse event in
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Table 2. Primary and Secondary Outcomes and Intensive Care Unit Interventions

Outcomes Lower oxygenation

Higher oxygenation

Bootstrapped mean
difference (95% Cl) or
mean or risk difference
(98.6% Cl)

Risk ratio

(98.6% Cl) P value

Primary outcome
Days alive without life support over 90 d,
median (IQR)?
Supplemental analysis adjusted for the
stratification variable

Supplemental analysis adjusted for the
stratification variable and baseline
variables?

Without mechanical ventilation

Without circulatory support

Without kidney replacement therapy
Secondary outcomes
Death by day 90, No./total (%), adjusted
for the stratification variable

Days alive and out of hospital over 90 d,

median (IQR), adjusted for the stratification

variable

Serious adverse events, No./total (%),

adjusted for the stratification variable
Shock

80 (9-89) 72 (2-88)

71(1-83)
86 (21-90)
90 (29-90)

62 (0-80)

106/351 (30.2)

59 (0-75) 48 (0-74)

178/362 (47.5)

172/362 (47.5)

84 (11-90)
90 (22-90)

120/346 (34.7)

187/358 (51.7)

.009°
5.8(0.2t0 11.5)¢ .04¢

5.2 (0.0 to 10.4)¢ .05¢

-4.0(-13t00.5) 0.83(0.66-1.13) .18

5.1(-1.2to011.4) .03f

-3.8(-12.8t05.3) 0.94(0.79-1.13) .43f

184/358 (51.4)

Myocardial ischemia 2/362 (0.5) 1/358 (0.3)
Ischemic stroke 1/362 (0.3) 1/358 (0.3)
Intestinal ischemia 3/362(0.8) 1/358(0.3)
Intensive care unit interventions
No. of arterial blood gas samples per d, 7(2) 7(2)

mean (SD)

Mechanical ventilation, No./total (%)
Invasive ventilation, No./total (%)°
Noninvasive ventilation or CPAP,
No./total (%)°

Prone position, No./total (%)

Inhaled vasodilators, No./total (%)"

Extracorporeal membrane oxygenation,
No./total (%)

Vasopressors or inotropes, No./total (%)’

Kidney replacement therapy, No./total (%)

Red blood cell transfusion, No./total (%)
Volume, median (IQR), mL*

Invasive ventilation

256/362 (70.7)
200/362 (55.2)
75/362 (20.7)

114/362 (31.5)
23/362 (6.4)
8/362 (2.2)

221/362 (61.0)
45/362 (12.4)
59/362 (16.3)
729 (486-1800)

282/358 (78.8)
215/358 (60.1)
84/358 (23.5)

147/358 (41.1)
29/358 (8.1)
8/358(2.2)

238/358 (66.5)
40/358 (11.2)
82/358 (22.9)
936 (486-2100)

End-expiratory pressure, median (IQR), 11 (9-13) 12 (10-13)

cm H,09

Tidal volume, median (IQR), mL/kg of 7.5(6.6-8.7) 7.7 (6.6-8.8)

predicted body weight9:!

Peak pressure, median (IQR), cm H,09 24 (20-27) 24 (21-27)
Noninvasive ventilation or CPAP

End-expiratory pressure, median (IQR), 8 (8-10) 9(7-10)

cm H,09

Abbreviation: CPAP, continuous positive airway pressure.

2 Days alive without life support were defined as the absolute number of days
alive without use of invasive ventilation, noninvasive ventilation,
nonintermittent continuous positive airway pressure, vasopressor or inotropic
infusion, or any kidney replacement therapy.

® Primary analysis of the primary outcome, calculated using a van Elteren test
adjusted for trial site.

¢ Calculated using a bootstrapped general linear model adjusted for trial site.

dBaseline variables were age, presence or absence of metastatic cancer,
presence or absence of chronic obstructive pulmonary disease, presence or
absence of hematological malignancy, and Sequential Organ Failure
Assessment score, which ranges from O to 24, with higher scores indicating
more severe organ failure.

€ Calculated using a bootstrapped general linear model adjusted for baseline
variables.

f For death by day 90, days out of hospital over 90 days, and serious adverse
events, a multiplicity-adjusted P < .014 was considered statistically significant.

8 Ventilation parameters recorded once daily at 8 Am.
" Use of inhaled nitric oxide or inhaled epoprostenol.

I Continuous infusion of norepinephrine, epinephrine, dopamine,
phenylephrine, vasopressin, dobutamine, milrinone, or levosimendan.

J Any continuous or intermittent use of kidney replacement therapy.
“|n patients receiving red blood cell transfusion.

' Predicted body weight was calculated as 50 kg + 0.91kg/cm x (height - 152.4
cm) for men and 45.5 kg + 0.91 kg/cm x (height - 152.4 cm) for women.

the ICU (ie, new episodes of shock, myocardial ischemia, is-
chemic stroke, or intestinal ischemia) did not differ signifi-

jama.com

cantly between the intervention groups (Table 2; eFigure 17 in
Supplement 2).
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Figure 3. Distribution of Use of Life Support and Death and Subgroup Analyses

@ Patients deceased, alive and receiving life support, and alive without life support

Lower oxygenation

Patients, %

0- T T T T T T T T d

[ Deceased [ Alive and receiving life support [ ] Alive without life support

Higher oxygenation

1 10 20 30 40 50 60 70 80 90
Day

Days alive without life support by subgroup
Days alive without life

No. of patients support, median (IQR)

1 10 20 30 40 50 60 70 80 90
Day

Lower Higher Lower Higher Bootstrapped mean Favors higher i Favors lower P value for

Subgroup oxygenation oxygenation oxygenation oxygenation difference (95% Cl) oxygenation : oxygenation interaction
All patients 351 346 80 (9-89) 72 (2-88) 5.8(0.2t011.5) 1 3
COPD

Yes 27 24 64 (7-86) 7 (0-64) 14.5(-10.1t039.1) —

No 324 322 81(10-89) 76(2-88) 5.0 (-0.8t0 10.6) - 2t
Hematological malignancy

Yes 26 35 18 (5-87) 50 (2-89) -3.8(-24.7t017.1) e — 45

No 325 311 80(14-89) 73(2-87) 6.3(0.5t012.0) 3 3
Shock

Yes 18 19 75 (2-86) 0(0-18) 42.8(22.2t0 63.4)

No 333 327 80(11-89) 76(3-88) 3.9(-1.8t09.5) E d 00t
Invasive mechanical ventilation

Yes 87 79 69 (1-83) 49 (0-78) 9.6 (-1.8t021.1) -

No 264 267 84 (14-90) 79(4-89) 5.1(-1.4t011.6) - 53
Pao,:Fi0, ratio

<100 64 53 64 (2-79) 27 (0-77) 12.7 (-0.4 t0 25.9) ——

100 to 199 45 62 77 (2-84) 51(0-79) 6.0(-9.3t021.3) — 77

200 to 300 13 9 80(21-84) 4(0-77) 30.4 (2.7 t0 58.0)

-50 -25 0 25 50 75
Bootstrapped mean difference (95% Cl)

COPD indicates chronic obstructive pulmonary disease; Fi0,, fraction of
inspired oxygen; Sao,, arterial oxygen saturation. Panel A shows the
percentages of patients who were deceased, alive and receiving life support,
and alive without life support during the 90-day follow-up period. Panel B
shows the results of the primary analysis and subgroup analyses of the primary
outcome of days alive without life support over 90 days. All analyses were

adjusted for the stratification variable of site. Mean differences and 95% Cls are
based on a general linear model with an identity link, bootstrapped with 10 000
repetitions. The size of the data markers corresponds to the number of patients
in each subgroup. A statistically significant interaction (P = .001) was found for
heterogeneity of treatment effects for patients with or without shock at
baseline.

|
Discussion

In this multicenter, randomized clinical trial in adult patients in
the ICU with COVID-19 and severe hypoxemia, we observed more
days alive without life support in 90 days in the lower oxygen-
ation group, targeting a Pao, of 60 mm Hg, compared with the
higher oxygenation group, targeting a Pao, of 90 mm Hg. The
point estimates for days alive and out of hospital and mortality

JAMA Published online March 19, 2024

at 90 days also both favored the lower oxygenation target group.
There was no difference in number of patients with serious ad-
verse events in the ICU between the 2 groups.

More days alive without life support with the lower oxy-
genation target were similarly observed in the subgroup analy-
sis of patients with COVID-19 in the HOT-ICU trial during the
first wave of the pandemicin the spring of 2020,% and the cur-
rent trial supports these findings. The present result was
hypothesized to occur due to more days alive without me-
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chanical ventilation in the lower oxygenation group vs the
higher oxygenation group. In contrary, no differences in ven-
tilator-free days in non-COVID-19 patients were found be-
tween lower and higher oxygenation targets in the ICU-ROX
trial,?2 the HOT-ICU trial,? and the ICONIC trial,> or among
lower, intermediate, and higher oxygenation targets in the
PILOT trial. Also, no difference in mortality was found be-
tween higher and lower oxygenation strategies in adult pa-
tients in the ICU.® The recent Oxy-PICU trial observed a lower
duration of life support or incidence of death among pediat-
ricICU patients with a conservative oxygenation target vs alib-
eral oxygenation target.?® In a recent systematic review of 19
randomized clinical trials, patients had heterogeneous patho-
physiological features of acute illnesses.® In the present trial,
all patients had severe hypoxemia caused by COVID-19 and pre-
dominantly single-organ failure at baseline, with the lowest
baseline Pao,:FIo, ratio among all randomized clinical trials
investigating targeted oxygenation in the ICU.>® This homo-
geneity of the patients included in the present study may ex-
plain the beneficial effect of the lower oxygenation target.

In the present trial, less than 25% of patients received inva-
sive mechanical ventilation at baseline compared with approxi-
mately 60% of the entire study population in the HOT-ICU trial.?
However, the use of invasive mechanical ventilation more than
doubled during ICU stay for up to a maximum of 90 days but re-
mained lower compared with the HOT-ICU trial. During the first
wave of the COVID-19 pandemic, concerns for aerosolization with
high-flow nasal oxygen probably led to more patients being me-
chanically ventilated,?* while a shift toward the use of open sys-
tems, including high-flow nasal oxygen, was observed in later
waves.?> Consistently, the overall mortality at 90 days was more
than 10 percentage points lower in patients enrolled in the pre-
sent trial compared with those included in the first-wave COVID-
19 subgroup analysis of the HOT-ICU trial.? A finding also sup-
ported by a newly published systematic review.2® Importantly,
although COVID-19 therapy and, possibly, virus subgroup viru-
lence changed throughout the pandemic, in the post hoc inter-
action analysis we found no effect modification of date of inclu-
sion on the primary outcome.

This trial has several strengths. It was a multicenter trial, and
all participating ICUs had experience with handling the 2 oxygen-
ation targets because of their participation in the HOT-ICU trial.
Clear between-group separation in Pao,, Sao,, and F10, levels was
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achieved, and data were largely complete. Patients undergoing
invasive mechanical ventilation, those undergoing noninvasive
ventilation, and those treated in open systems at baseline were
included, thus representing the clinical setting in the ICU.

Limitations

Our trial has several limitations. First, the trial was stopped pre-
maturely due to slow enrollment, as patients with severe hy-
poxemia from COVID-19 toward the end of the pandemic were
no longer commonly encountered in the ICU. However, the an-
ticipated difference in days alive without life support based on
the HOT-ICU subgroup analysis was achieved, and the data
analyses were performed after the decision to stop the trial had
been made. Second, clinicians were not blinded to the inter-
ventions, and there were no specific protocols for intubation
or weaning from mechanical ventilation. However, it was
stressed that the decision to intubate, wean, or extubate should
not be dictated by the allocated oxygenation target but should
be based on a clinical judgment of overall patient condition,
including all factors relevant to the timing of intubation or ex-
tubation. The proportions of patients in whom invasive me-
chanical ventilation was initiated on day 1 or 2 were similar in
the 2 oxygenation groups, suggesting that clinicians did not
immediately intubate patients to obtain the higher oxygen-
ation target. However, we acknowledge that oxygenation-
related parameters affected by the allocation may have al-
tered clinicians’ decisions, but in a pragmatic trial this should
be considered as a consequence of the allocated interven-
tion. Third, no adjustments for multiplicity on the basis of the
conducted interim analysis were included; however, in the light
ofthe results of the primary outcome analysis, the risk of a type
I statistical error is low. Fourth, we do not have any informa-
tion about the devices used for supplemental oxygen therapy
in open systems nor any data on COVID-19 virus variants or
COVID-19-specific treatments.

. |
Conclusions

In adult patients in the ICU with COVID-19 and severe hypox-
emia, targeting a Pao, of 60 mm Hg resulted in more days alive
without life support over 90 days than targeting a Pao, of
90 mm Hg.
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