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Effect of a Lower vs Higher Positive End-Expiratory Pressure Strategy

on Ventilator-Free Days in ICU Patients Without ARDS
A Randomized Clinical Trial

Writing Committee and Steering Committee for the RELAXx Collaborative Group

IMPORTANCE |t is uncertain whether invasive ventilation can use lower positive
end-expiratory pressure (PEEP) in critically ill patients without acute respiratory distress
syndrome (ARDS).

OBJECTIVE To determine whether a lower PEEP strategy is noninferior to a higher PEEP
strategy regarding duration of mechanical ventilation at 28 days.

DESIGN, SETTING, AND PARTICIPANTS Noninferiority randomized clinical trial conducted from
October 26, 2017, through December 17, 2019, in 8 intensive care units (ICUs) in the
Netherlands among 980 patients without ARDS expected not to be extubated within 24
hours after start of ventilation. Final follow-up was conducted in March 2020.

INTERVENTIONS Participants were randomized to receive invasive ventilation using either
lower PEEP, consisting of the lowest PEEP level between O and 5 cm H,0 (n = 476), or higher
PEEP, consisting of a PEEP level of 8 cm H,0 (n = 493).

MAIN OUTCOMES AND MEASURES The primary outcome was the number of ventilator-free
days at day 28, with a noninferiority margin for the difference in ventilator-free days at day 28
of -10%. Secondary outcomes included ICU and hospital lengths of stay; ICU, hospital, and
28- and 90-day mortality; development of ARDS, pneumonia, pneumothorax, severe
atelectasis, severe hypoxemia, or need for rescue therapies for hypoxemia; and days with use
of vasopressors or sedation.

RESULTS Among 980 patients who were randomized, 969 (99%) completed the trial
(median age, 66 [interquartile range {IQR}, 56-74] years; 246 [36%] women). At day 28, 476
patients in the lower PEEP group had a median of 18 ventilator-free days (IQR, 0-27 days) and
493 patients in the higher PEEP group had a median of 17 ventilator-free days (IQR, 0-27
days) (mean ratio, 1.04; 95% Cl, 0.95-; P = .007 for noninferiority), and the lower boundary
of the 95% Cl was within the noninferiority margin. Occurrence of severe hypoxemia was
20.6% vs 17.6% (risk ratio, 1.17; 95% Cl, 0.90-1.51; P = .99) and need for rescue strategy was
19.7% vs 14.6% (risk ratio, 1.35; 95% Cl, 1.02-1.79; adjusted P = .54) in patients in the lower
and higher PEEP groups, respectively. Mortality at 28 days was 38.4% vs 42.0% (hazard ratio,
0.89; 95% Cl, 0.73-1.09; P = .99) in patients in the lower and higher PEEP groups,
respectively. There were no statistically significant differences in other secondary outcomes.

CONCLUSIONS AND RELEVANCE Among patients in the ICU without ARDS who were expected
not to be extubated within 24 hours, a lower PEEP strategy was noninferior to a higher PEEP
strategy with regard to the number of ventilator-free days at day 28. These findings support
the use of lower PEEP in patients without ARDS.
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nvasive ventilation, one of the most frequently applied

strategies in the intensive care unit (ICU), is recognized as

a potentially harmful intervention.! Although the protec-
tive role of low tidal volume is well defined, there is much un-
certainty regarding the role of higher positive end-expiratory
pressure (PEEP). In one meta-analysis, in patients with mod-
erate to severe acute respiratory distress syndrome (ARDS),
higher PEEP led to a benefit regarding mortality but pro-
longed the time to wean from invasive ventilation in patients
with mild ARDS.2 There has been a gradual and noticeable in-
crease in use of higher PEEP in patients without ARDS in ICUs
worldwide.?>® An increment in PEEP, from a mean of 5 cm H,0
in 1998 to 7 cm H,0 in 2016, was recently demonstrated® de-
spite absence of evidence for benefit or harm.>

In patients without ARDS, ventilation with higher PEEP
could lead to a better distribution of lung aeration, which im-
proves oxygenation.® Ventilation with higher PEEP may even
prevent ARDS® and has been suggested to reduce the devel-
opment of ventilator-associated pneumonia (VAP).” How-
ever, in healthy animals, ventilation with higher PEEP may also
worsen existing or cause new lung injuries.®! It was shown
that ventilation with higher PEEP impaired hemodynamics and
increased the need for additional fluid administration or va-
sopressors during surgery.!?!2 Because it is common practice
to extubate at lower PEEP,'* use of higher PEEP at least in theory
could also delay weaning in some settings.

The Restricted vs Liberal Positive End-Expiratory Pres-
sure in Patients Without ARDS (RELAXx) study was conducted
to test whether a ventilation strategy using lower PEEP is
noninferior to a ventilation strategy using higher PEEP with
respect to the number of ventilator-free days at day 28 in
patients without ARDS.

Methods

Study Design and Oversight

This was a randomized clinical trial conducted at the ICUs of
8 hospitals in the Netherlands. The protocol has been
published,'® and the final protocol is available in Supple-
ment 1. An updated statistical analysis plan was written be-
fore closing the database; the final plan and a table describing
the changes to the original study design are available in Supple-
ment 2. The institutional review boards of all participating cen-
ters approved the study, and written deferred informed con-
sent was obtained from patient representatives. No interim
analyses were performed. An independent committee over-
saw conduct of the trial and adverse events while remaining
blind to the primary end point at 3 predefined time points, and
recommended the trial be continued.

Patients

The trial enrolled patients who received invasive ventilation
shortly before or after admission to the ICU and who were
expected not to be extubated within 24 hours of randomiza-
tion. Patients were to be randomized within 1 hour of initia-
tion of ventilation in the ICU. One main exclusion criterion
was presence of ARDS, according to the current definition.'®
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Key Points

Question In patients in the intensive care unit (ICU) who received
invasive ventilation for reasons other than acute respiratory
distress syndrome, is a ventilation strategy with lower positive
end-expiratory pressure (PEEP) noninferior to a strategy using
higher PEEP with respect to the number of ventilator-free days at
day 28?

Findings In this randomized clinical trial that included 980 ICU
patients receiving invasive ventilation and who were expected not
to be extubated within 24 hours of randomization, a ventilation
strategy using lower PEEP compared with a strategy using

higher PEEP resulted in 18 vs 17 ventilator-free days at day 28,

a difference that did not exceed the noninferiority margin

of -10%.

Meaning Among patients in the ICU receiving invasive ventilation,
a strategy with lower PEEP was noninferior to a strategy using
higher PEEP.

Another key exclusion criterion was invasive ventilation
that had lasted longer than 12 hours before ICU admission.
Other exclusion criteria are presented in eAppendix 2 in
Supplement 3.

Randomization and Masking

Patients were randomized ina 1:1ratio to alower or higher PEEP
strategy group. The local investigators performed randomiza-
tion using a central, dedicated, password-protected, en-
crypted, web-based automated randomization system (SSL-
encrypted website with ALEA software, TenALEA Consortium).
Randomization was conducted using random block sizes with
a maximum of 8 patients.

Interventions

The PEEP ventilation strategies are shown in eFigure 1 in
Supplement 3. Briefly, patients randomized to the lower
PEEP strategy started with PEEP at 5 cm H,0 and an inspired
oxygen fraction (F10,) between 0.21 and 0.6. After intubation
and start of ventilation, every 15 minutes PEEP was down-
titrated by 1 cm H,0 to a minimum of O cm H,0, as long as
pulse oximetry-measured oxygen saturation (Spo,) was
greater than 92% or Pao, was greater than 60 mm Hg. There-
after, ventilation continued with the lowest PEEP according
to this target, while using an Fi0, of between 0.21 and 0.6.
Spo, was allowed to decrease to less than 92% or Pao, to less
than 60 mm Hg for brief periods (up to 5 minutes) without
the need for any intervention. Then, Fi0, was increased to a
maximal 0.6 before PEEP was increased in steps of 1 cm H,0
up to 5 cm H,0. In the case of severe hypoxemia, defined as a
decrease in Spo, to less than 88% or Pao, to less than 55 mm
Hg, common causes such as a mucus plug requiring pulmo-
nary toilet were considered and treated. As a rescue, FIo,
could be increased to a maximal 1.0 and PEEP to 5 cm H,O or
more, according to the attending physician. Development of
atelectasis diagnosed by chest imaging was to be accepted
unless Spo, decreased to less than 92% or Pao, to less than
60 mm Hg and did not respond to an increase of FI0, to
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a maximal 0.6. In the case of hemodynamic instability, evi-
denced by increased need for vasopressors, PEEP could be
set at 5 cm H,O for 1 to 2 hours. Down-titration of PEEP was
resumed after stabilization or after the decrease in Spo, or
Pao, was resolved.

Patients randomized to the higher PEEP strategy started
with PEEP at 8 cm H,0 and F10, between 0.21 and 0.6. The goal
was to maintain PEEP at 8 cm H,0. Brief periods (up to 5 min-
utes) could be tolerated of an Spo, decrease to less than 92%
or a Pao, decrease to less than 60 mm Hg. Then, F10, was in-
creased to a maximal 0.6 before PEEP was increased. If Spo,
decreased to less than 88% or Pao, to less than 55 mm Hg, simi-
lar steps were taken as in the low PEEP group. In the case of
hemodynamic instability, PEEP was set at 5 cm H,0 for 1 to 2
hours. After stabilization, PEEP was set back to 8 cm H,0.

Oxygenation Targets

Inboth groups, oxygenation targets for Spo, were 92% to 96%
and for Pao, were 60 to 85 mm Hg.!”'° The oxygenation tar-
get was primarily assessed by pulse oximetry and, in the case
of unreliable readings, by arterial blood gas analysis. For pa-
tients in whom the risk of potentially dangerous hypoxemia
could become unacceptable (eFigure 1in Supplement 3), oxy-
genation targets could be increased to Spo, of 94% to 96% and
Pao, of 68 to 85 mm Hg.

Standard Care and Weaning From the Ventilator
Standard care and weaning from the ventilator followed strict
protocol,?° as described in eAppendix 2 in Supplement 3.

Outcomes

The primary outcome was the number of ventilator-free days
at day 28, defined as the number of days that a patient was alive
and free of invasive ventilation, calculated from the moment
of randomization, if the period of unassisted breathing lasted
at least 24 consecutive hours.?! Patients who died or received
invasive ventilation for more than 28 days were considered to
have O ventilator-free days.

Secondary outcomes included ICU and hospital lengths of
stay; ICU, hospital, and 28- and 90-day mortality; duration of
ventilation among survivors; and pulmonary complications,
including development of ARDS,'® VAP, severe atelectasis, se-
vere hypoxemia, and pneumothorax. Mortality at day 28 and
duration of ventilation among survivors were not included as
secondary outcomes in the original protocol but were added
in the updated statistical analysis plan.! Other secondary out-
comes were need for rescue therapies for severe hypoxemia
or severe atelectasis, including recruitment maneuvers, prone
positioning, and bronchoscopy for opening atelectasis; days
with use of vasopressors; and days with use of sedation (see
full definitions in eTable 1 in Supplement 3).

Other Study Parameters

It was difficult to collect complete and reliable data for 2 sec-
ondary outcomes, the Therapeutic Intervention Scoring Sys-
tem score and the Nursing Activities Score; therefore, these
findings are not reported. An analysis of health care-related
costs is planned. Substudies investigating cardiac perfor-
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mance, lung aeration, and systemic inflammation, as as-
sessed by ultrasound and plasma biomarkers, respectively,
were performed in a subset of patients enrolled in the
Amsterdam University Medical Center. The results of these 4
substudies will be reported elsewhere.

Statistical Analysis

The trial was designed to last until 980 patients were
enrolled. This number of patients was expected to be suffi-
cient to show noninferiority of the lower PEEP strategy com-
pared with the higher PEEP strategy with a noninferiority
margin of -10%, assuming no difference in the number of
ventilator-free days in both groups, with a mean of 16 (SD, 10)
days.29:22 A 1-sided a = .05, a power of 80%, a 1:1 ratio of
patient randomization, and correction for 10% of dropouts
was considered. The choice of a noninferiority margin of
-10%, representing 0.5 days of ventilation or 1.6 ventilator-
free days, was motivated by what could be considered
acceptable from a clinical point of view. Practically, this mar-
gin meant that a difference of less than 12 hours in duration
of ventilation or 1.6 ventilator-free days with lower PEEP was
considered noninferior to higher PEEP.

Categorical variables are reported as numbers and per-
centages and continuous variables as medians and interquar-
tile ranges (IQRs). In all analyses, patients were analyzed
according to their randomization group, with the exception
of those who withdrew informed consent or were lost to
follow-up in the first 28 days. No imputation was used for
any missing value, since there was less than 1% missing val-
ues for the primary outcome. In addition, a per-protocol
analysis was conducted that included only patients who
completed PEEP titrations according to the study protocol.
Patients in the lower PEEP strategy were excluded if, during
the first 2 days of ventilation, they received in at least 2 of the
4 measurements per day a PEEP greater than 5 cm H,0 and
an FI0, of 0.6 or less or an Spo, greater than 92%. Patients
randomized to the higher PEEP strategy were excluded if,
during the first 2 days of ventilation, they received in at least
2 of the 4 measurements per day a PEEP less than 8 cm H,0
without any documented hemodynamic instability.

The effect of a lower PEEP strategy compared with a
higher PEEP strategy on the primary outcome was calculated
as a mean ratio, tested for noninferiority considering a mar-
gin of 10% with a 1-sided 95% CI. Thus, noninferiority would
be established if the lower boundary of the 1-sided 95% CI
was higher than 0.90. The mean ratio was estimated using a
generalized additive model for location scale and shape, con-
sidering a zero-inflated B distribution and using the delta
method to estimate the 95% CI. A 1-sided P value for noninfe-
riority was calculated. If noninferiority was confirmed, supe-
riority of lower PEEP was tested considering a 95% CI follow-
ing a hierarchical closed testing procedure.

All analyses of the secondary outcomes were 2-sided and
assessed superiority. The effect of the intervention on binary
outcomes was assessed with risk ratios and 95% Cls calcu-
lated with a Wald likelihood ratio approximation test and
with x? hypothesis testing. The duration of ventilation among
survivors, ICU and hospital lengths of stay, and 28- and
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Figure 1. Flow of Participants in the Restricted vs Liberal Positive End-Expiratory Pressure

in Patients Without ARDS Trial

2869 Patients assessed for eligibility

1889 Excluded?®

511 Missed

942 Met exclusion criteria
272 Acute respiratory distress syndrome
209 Invasive ventilation >12 h before admission
to intensive care unit
168 History of pulmonary diseaseP
118 At risk of hypoxemia®
68 Morbid obesity
43 Neurologic disorder prolonging ventilationd
20 Extracorporeal membrane oxygenation
14 Previous enrollment in current trial
13 Enrolled in another clinical trial
6 Younger than 18y
5 Pregnant
5 Carbon monoxide poisoning
1 Reason for exclusion not specified
947 Eligible but not enrolled

309 No written deferred consent obtained
58 No time for randomization within 1 h
29 No legal representative
21 Expected to be transferred within 1 d
16 Physician decision

3 Other reasons

In all analyses, patients were
analyzed according to their
randomization group, with the
exception of those who withdrew
informed consent or were lost to
follow-up in the first 28 days.
PEEP indicates positive
end-expiratory pressure.

2 Patients could have more than 1
reason for exclusion; the main
reason for exclusion is presented.

®Includes chronic obstructive
pulmonary disease (COPD) stages Il
and IV in the Global Initiative for
COPD (GOLD) classification and
restrictive pulmonary disease.
GOLD stage Il COPD is defined as

980 Randomized

severe obstruction of the airways,
with the ratio of forced expiratory
volume in the first second to

forced vital capacity (FEV,/FVC) less
than 70% and FEV, between 30%

484 Randomized to receive lower

496 Randomized to receive higher

PEEP strategy PEEP strategy
484 Received intervention as 496 Received intervention as
randomized randomized

and 50% of predicted values.
GOLD stage IV COPD is defined as
very severe obstruction of the
airways, with FEV,/FVCless than

| |

70% and FEV, less than 30% of

2 Withdrew informed consent
6 Lost to follow-up within 28 d

1 Withdrew informed consent
2 Lost to follow-up within 28 d

predicted values.

€ Includes ongoing cardiac ischemia
due to cardiac infarction and failed

| |

revascularization, uncontrollable

476 Included in primary analysis
8 Excluded
6 Lost to follow-up
2 Withdrew consent

3 Excluded

493 Included in primary analysis

2 Lost to follow-up
1 Withdrew consent

intracranial pressure, delayed
cerebral ischemia after
subarachnoid hemorrhage,
necrotizing fasciitis, and severe

! |

untreated anemia.

411 Included in per-protocol analysis
65 Excluded (PEEP titration not
executed according to protocol)

411 Included in per-protocol analysis
52 Excluded (PEEP titration not
executed according to protocol)

9ncludes Guillain-Barré syndrome,
high spinal cord lesion, amyotrophic
lateral sclerosis, multiple sclerosis,

or myasthenia gravis.

90-day mortality were compared using Kaplan-Meier curves
and hazard ratios with 95% CIs calculated with Cox propor-
tional hazard models. The proportional hazard assumption
was assessed through inspection of Schoenfeld residuals.
Days with use of vasopressors and sedation were compared
as mean differences between the groups from an indepen-
dent t test.

The homogeneity of treatment effects on the primary out-
come across prespecified subgroups was examined via a test
for treatment x subgroup interaction in the generalized addi-
tive model for location scale and shape considering a zero-
inflated  distribution. In addition to the unadjusted P values
for secondary outcomes, a Holm-Bonferroni procedure was ap-
plied to control for multiple testing. As a sensitivity analysis,
primary and secondary outcomes were reassessed in mixed-
effects models considering further adjustments by age, sex, and
Acute Physiology and Chronic Health Evaluation (APACHE) IV
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score and including centers as random effects. In addition, the
duration of ventilation among survivors and the times to ICU
and hospital discharge were reassessed in a competing risk
model with death before extubation, ICU discharge, or hospi-
tal discharge, respectively, treated as a competing risk and re-
ported as subdistribution hazard ratios with 95% CIs esti-
mated from a Fine-Gray model.

All analyses were performed with R software, version 3.6.3
(R Core Team). Additional details regarding the statistical analy-
sis are provided in the statistical analysis plan in Supplement 2.

. |
Results

Patients
From October 26, 2017, to December 17, 2019, 2869 pa-
tients were screened. Final follow-up was completed on
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Table 1. Baseline Participant Characteristics

Lower PEEP Higher PEEP
Characteristics (n = 476)° (n = 493)°
Age, median (IQR), y 65.5 (56.0-74.0) 66.0 (57.0-74.0)
Sex, No. (%)
Female 164 (34.5) 182 (36.9)
Male 312 (65.5) 311(63.1)
BMI, median (IQR) 25.8(23.1-28.4) 26.1(23.5-29.8)
APACHE score, median (IQR)
APACHE IV® 83.5(59.8-103.2) [n = 376] 90.0(67.0-111.2) [n = 388]
APACHE I1€ 23.0(18.0-29.0) [n = 321] 24.0(19.0-30.0) [n = 322]
SAPS 11, median (IQR)¢ 56.0 (43.2-67.0) [n = 254] 58.0 (43.0-68.0) [n = 270]
LIPS, median (IQR)® 3.0(1.5-5.1) 3.0 (1.5-5.0)
. . o Abbreviations: APACHE, Acute
Patients at risk of ARDS, No. (%) 206 (43.3) 197 (40.0) Physiology and Chronic Health
SOFA score, median (IQR)" 9.0(7.0-12.0) [n = 290] 10.0(8.0-12.0) [n = 283] Evaluation; ARDS, acute respiratory
Septic shock, No. /total (%) 42/448 (9.4) 48/465 (10.3) distress syndrome; BMI, body mass
- ) index, calculated as weight in
Smoking, No./total (%) kilograms divided by height in meters
Never 107/295 (36.3) 128/305 (42.0) squared; Fio,, fraction of inspired
oxygen; ICU, intensive care unit;
Current 104/295 (35.3) 104/305 (34.1) QR interquartile range; LIPS, Lung
Former 84/295 (28.5) 73/305 (23.9) Injury Prediction Score; PBW,
Reason for ICU admission, No. (%) predicted body weight; PEEP,
P G P positive end-expiratory pressure;
edica (77.9) (80.7) SAPS, Simplified Acute Physiology
Urgent surgery 88 (18.5) 76 (15.4) Score; SOFA, sequential organ failure
Elective surgery 17 (3.6) 19(3.9) assessment; Spo,, oxygen saturation
as measured by pulse oximetry.
] ; o
ek e o, 10 (69) Sl conversion factor: to convert Paco,
Respiratory failure 146 (30.7) 147 (29.8) and Spo,/Fio, to kilopascals, divide
Cardiac arrest? 123 (25.8) 142 (28.8) by75.
a 0,
Depressed level of consciousness 74 (15.5) 81(16.4) EZLZ?JZSE??OT%iTg)t total 100%
Planned postoperative ventilation 78 (16.4) 59(12.0) bThe APACHE IV score ranges from O
Airway protection 38(8.0) 52 (10.5) to 286, with higher scores indicating
Other 17 (3.6) 12 (2.4) more severe disease and a higher
risk of death; eg, an APACHE IV
Tin:jeg wiEIFQvRe)nt'ilation before randomization, 0.6 (0.2-1.1) 0.6 (0.2-1.1) score of 90 indicates a 34%
me |.an = probability of mortality in a medical
Physiological features and support patient admitted for a respiratory
Ventilatory mode, No./total (%) condition.
Pressure controlled 312/429 (72.7) 310/429 (72.3) “The APA‘;]":]E 'Lscore fa”gej from 0
to 71, with higher scores indicating
Volume controlled 73/429 (17.0) 71/429 (16.6) more severe disease and a higher
Pressure support 35/429 (8.2) 35/429 (8.2) risk of death; eg, an APACHE Il score
Other 9/429 (2.1) 13/429 (3.1) of 24 indicates a 40% probability of
’ ’ mortality in a medical patient
Respiratory and physiological measures, admitted for a respiratory condition.
med_lan (1ar) dThe SAPS Il score ranges from O to
Tidal volume, mL/kg PBW 7.0 (6.1-8.0) 6.9 (6.1-8.0) 163, with higher scores indicating a
Plateau pressure, cm H,0 19.9 (16.0-24.0) 20.0(17.0-24.0) more severe condition; eg, a SAPS Il
Total respiratory rate, /min 19.0 (16.0-22.0) 19.0 (15.0-22.0) seore E_flis "}d'catteslft’ 5%
probability of mortality.
PEEP, cm H,0 5.0 (5.0-8.0) 7.0 (5.0-8.0) ©The LIPS score ranges from O to
Driving pressure, cm H,0 14.0(11.0-17.0) 13.0(11.0-16.0) 32.5, with higher scores indicating a
Fio, 0.50 (0.40-0.65) 0.50 (0.40-0.70) more severe condition and a higher
risk of ARDS; eg, scores =4 are
Pao,/Fi0,, mm Hg 210.0 (128.5-342.8) 209.5(132.1-334.4) considered high risk for ARDS.
Paco,, mm Hg 42.8(37.5-51.8) 44.3(37.5-51.0) f The SOFA score ranges from O to
Arterial pH 7.29 (7.20-7.38) 7.30(7.21-7.36) 24, with higher scores indicating a
more severe condition; eg, a SOFA
Spo,, % 98.0 (95.0-100.0) 98.0 (95.0-100.0) score of 10 indicates a 40%
Spo,/Fi0,, mm Hg 192.0 (150.0-242.5) 192.0 (138.6-245.0) probability of mortality.
Heart rate, /min 94.0(77.0-111.0) 93.0(75.0-114.0) & Patients who had cardiac arrest
Mean arterial pressure, mm Hg 80.0 (68.0-93.0) 81.0(69.0-95.0) were treatedlwnh targeted
normothermia management.
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Figure 3. Noninferiority Analysis of the Primary Outcome in the Overall Cohort and in Subgroup Analyses

Ventilator-free days at
day 28, median (IQR)

Noninferiority margin

Lower PEEP Higher PEEP !
No. of strategy strategy Absolute difference Mean ratio Favors i Favors
Source patients (n=476) (n=493) (95% Cl) (95% Cl) higher PEEP | Lower PEEP P value
All patients 17.7(0.0-26.6)  16.7(0.0-26.5)  0.41(-1.16t01.98)  1.04 (0.95-c) i —&——> g7
Type of admission i
Surgical 200 21.3(0.0-27.0)  22.9(0.0-27.0)  -0.81(-4.26t02.63) 0.97(0.76-1.18) 41!7 60
Medical 769 16.1(0.0-26.5)  12.7(0.0-26.3) 0.65(-1.10t0 2.42) 1.06 (0.93-1.20) P
Cardiac arrest §
Yes 265 0.0 (0.0-26.6) 12.2 (0.0-26.7) -1.86(-4.97t01.25) 0.88(0.66-1.11) 4'*3** 49
No 704 20.7 (0.0-26.6)  18.0(0.0-26.3) 1.17 (-0.63t02.98)  1.09(0.96-1.23) I
Reason for intubation 3
Respiratory failure 293 11.1(0.0-24.9) 17.7(0.0-25.9)  -1.63(-4.36t0 1.10) 0.90 (0.71-1.08) 4%* 08
Other 676 21.2(0.0-27.0)  16.3(0.0-26.6) 1.31(-0.60t03.22) 1.11(0.96-1.25) 3 -
Body mass index i
>30 197 5.0(0.0-25.9) 5.8(0.0-26.1) -0.49 (-4.07 t0 3.08) 0.97(0.70-1.25) 4§l7 19
<30 758 19.9(0.0-26.4)  19.3(0.0-26.6)  0.42(-1.33t02.19)  1.05(0.92-1.17) —
Admission Pa0,/F10,, mm Hg i
<200 265 5.7 (0.0-25.2) 0.6 (0.0-25.6) 0.11(-2.82t03.04) 1.04 (0.79-1.30) —%17 69
>200 323 20.5(0.0-26.9)  22.7(0.0-26.9) -0.28(-3.02t02.45) 0.99(0.82-1.17) 4%_.7 '
LIPS !
24 403 5.5(0.0-25.0) 5.3(0.0-25.1) 0.11(-2.23 t0 2.46) 1.02(0.82-1.22) 4%7.7 76
<4 566 23.4(0.0-7.0) 22.8(0.0-26.8) 0.85(-1.21t02.92) 1.07 (0.93-1.21) 3 ——
APACHE IV score i
286 382 0.0 (0.0-25.3) 0.0 (0.0-24.3) 0.42(-1.99t02.84) 1.07(0.80-1.33) 7147 o1
<86 370 25.0(7.1-27.1)  24.8(0.0-27.1) 0.80(-1.54 to0 3.15) 1.05(0.92-1.18) i—a—
06 1 2

Mean ratio (95% Cl)

APACHE indicates Acute Physiology and Chronic Health Evaluation (range,
0-286; higher scores indicate more severe disease and higher risk of death);
Fio,, fraction of inspired oxygen; IQR, interquartile range; LIPS, Lung Injury
Protection Score (range, 0-32.5; higher scores indicate more severe condition
and higher risk of acute respiratory distress syndrome); PEEP, positive
end-expiratory pressure. Body mass index is calculated as weight in kilograms
divided by height in meters squared. The primary outcome is the mean ratio
(with 1-sided 95% Cl) for the comparison of ventilator-free days at day 28

between the lower and higher PEEP groups, with the noninferiority margin set
at 0.90. Absolute differences are mean differences. P values shown are from
the B-binomial part of the model. P values for interaction for the binary logistic
regression for O ventilator-free days at 28 days are P = .62 for type of
admission, P = 14 for cardiac arrest, P = .22 for reason for intubation, P = .74
for body mass index, P = .66 for Pao,/Fi0,, P = .65 for LIPS, and P = .74 for
APACHE IV score.

March 16, 2020. A total of 1889 patients were not enrolled,
of whom 942 (49.8%) met exclusion criteria and 947
(50.2%) were eligible but not enrolled for other reasons
(Figure 1). Of the 980 randomized patients enrolled in the
study, 484 were randomized to the lower PEEP strategy and
496 to the higher PEEP strategy. Representatives of 3
patients withdrew consent to use study data. Follow-up to
day 28 was incomplete for 8 patients. Thus, data for 969
patients (476 randomized to the lower PEEP strategy and
493 to the higher PEEP strategy) were used in the final
analysis (Figure 1).

Baseline characteristics are presented in Table 1. Among
the enrolled patients, 79.4% were admitted to the ICU for anon-
surgical reason. The most frequent reason for invasive venti-
lation was respiratory failure (30.2%).

Intervention

The median time between start of ventilation in the ICU and
randomization was 0.6 hours (IQR, 0.2-1.1 hours). Mean
PEEP values from postrandomization through day 5 were

jama.com

significantly lower in the lower PEEP group than in the
higher PEEP group (Figure 2). Driving pressure was signifi-
cantly higher and plateau pressure was significantly lower
in the lower PEEP group than in the higher PEEP group.
During the first 5 days of ventilation, Fi0,, Spo,, and Pao,/
F10, differed significantly between groups (Figure 2;
eTables 2-4 and eFigures 2-14 in Supplement 3). There was
no statistically significant difference in sedation level, heart
rate, mean arterial pressure, administered fluids, transfu-
sions, vasopressor support, and sequential organ failure
assessment score between the groups (eTables 2 and 3 and
eFigure 7 in Supplement 3). There was a statistically signifi-
cant interaction for time and PEEP group regarding the
cumulative fluid balance within the first 5 days (eFigure 15
in Supplement 3).

Outcomes

Twenty-eight days after randomization, patients random-
ized to the lower PEEP strategy had a median of 18 ventilator-
free days (IQR, 0-27 days) and patients randomized to the
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Table 2. Secondary Outcomes

Lower PEEP Higher PEEP Absolute difference Effect estimate
Outcomes (n = 476)° (n =493)° (95% Cl) (95% ClI) P value®
Duration of ventilation among 0.67 (-0.47 to 1.81)¢ 0.93 (0.79 to 1.09)¢ .99
survivors, d
Mean (SD) 5.5(7.4) 4.8(6.6)
Median (IQR) 2.0(0.8-6.8) 2.0(1.0-5.7)
ARDS, No. (%) 13(2.7) 5(1.0) 1.72 (0.04 to 3.60)° 2.70 (0.97 to 7.49)f .86
Ventilator-associated pneumonia,
No. (%)
Suspected 10(2.1) 10 (2.0) 0.07 (-1.78 to 1.95)¢ 1.03 (0.43 t0 2.46)" .99
Confirmed 6(1.3) 7(1.4) -0.16 (-1.70to 1.38)° 0.89(0.30t0 2.62)" .99
Severe atelectasis, No. (%) 20(4.2) 15 (3.0) 1.16 (-1.21to0 3.61)¢ 1.38(0.71 to 2.66)f .99
Severe hypoxemia, No. (%) 98 (20.6) 87 (17.6) 2.94(-2.01t07.91)¢ 1.17 (0.90to 1.51)f .99
Pneumothorax, No. (%) 19 (4.0) 12 (2.4) 1.56 (-0.66 to 3.89)° 1.64 (0.81 to 3.34)f .99
Need for rescue therapy, No. (%) 94 (19.7) 72 (14.6) 5.14(0.40t09.91)¢ 1.35 (1.02 to 1.79)f .54
Recruitment maneuvers 62 (13.0) 39(7.9) 5.11(1.28t09.02)° 1.64 (1.12 to 2.41)f NR9
Prone positioning 25(5.3) 29(5.9) -0.63 (-3.56t02.29)¢ 0.89 (0.53 to 1.50)f NR?
Bronchoscopy for atelectasis 30(6.3) 26 (5.3) 1.03 (-1.93t0 4.03)¢ 1.19 (0.72 to 1.99)° NR?
Days with continuous use 0.05 (-0.41t0 0.51)¢ 0.05 (-0.41t0 0.51)" .99
of vasopressors
Mean (SD) 3.1(3.7) 3.1(3.5)
Median (IQR) 2.0(1.0-4.0) 2.0(1.0-3.0)
Days with continuous use 0.22 (-0.27 t0 0.71)¢ 0.22(-0.27 t0 0.71)" .99
of sedation
Mean (SD) 3.5(3.9) 3.3(3.8)
Median (IQR) 2.0(1.0-4.0) 2.0(1.0-4.0)
Length of stay
Intensive care unit 0.81 (-0.57 t0 2.18)° 0.97 (0.83t0 1.13)¢ .99
Mean (SD) 8.1(11.5) 7.2(10.3)
Median (IQR) 4.0 (2.0-10.0) 4.0 (2.0-8.0)
Hospital 0.94 (-1.81t03.70)° 1.01 (0.86 to 1.20)¢ .99
Mean (SD) 19.9 (22.1) 19.0(21.4)
Median (IQR) 12.0 (5.0-26.2) 12.0 (4.0-24.0)
Mortality, No./total (%)
Intensive care unit 163/476 (34.2) 185/492 (37.6) -3.36 (-9.38 t0 2.69)¢ 0.91 (0.77 to 1.08)f .99
Hospital 185/472 (39.2) 208/489 (42.5) -3.34(-9.54 t0 2.88)° 0.92 (0.79 to 1.07)f .99
28d 183 (38.4) 207 (42.0) -3.54(-9.70 t0 2.63)° 0.89(0.73 to 1.09)¢ .99
90d 196/471 (41.6) 218/492 (44.3) -2.70 (-8.93 t0 3.56)° 0.92(0.76 to 1.11)¢ .99

Abbreviations: ARDS, acute respiratory distress syndrome; IQR, interquartile

range; PEEP, positive end-expiratory pressure.

@ Percentages may not total 100% because of rounding.

b Adjusted P values using Holm-Bonferroni procedure for multiple statistical
tests controlling for the 16 comparisons. Unadjusted P values are shown in
eTable 7 in Supplement 3.

¢ Absolute difference is mean difference.

d Effect estimate is hazard ratio (2-sided 95% Cl) from a Cox proportional
hazard model. P values for Schoenfeld residuals are P = .14 for duration of
ventilation among survivors, P = .85 for intensive care unit length of stay,

P = .91 for hospital length of stay, P = .90 for 28-day mortality, and P = .89 for
90-day mortality.

¢ Absolute difference is risk difference.

f Effect estimate is risk ratio (2-sided 95% Cl) by Wald likelihood ratio
approximation test and with x2 hypothesis tests.

& Not reported (NR) because it is not a secondary outcome but is a component
of the need for rescue therapy.

N Effect estimate is mean difference (2-sided 95% CI) from a generalized linear
model with Gaussian distribution.

higher PEEP strategy had a median of 17 ventilator-free days
(IQR, 0-27 days) (mean ratio, 1.04; 1-sided 95% CI, 0.95-;
P = .007 for noninferiority); the lower boundary of the 95% CI
was within the noninferiority margin of -10% (Figure 3). The
superiority analysis showed no statistically significant differ-
ence between the randomization groups (P = .22). The re-
sults of the per-protocol analysis and the sensitivity analysis
adjusted by baseline factors and including centers as random

JAMA Published online December 9, 2020

effects confirmed the results of the primary analysis (eTables 5
and 6 in Supplement 3). There was no statistically significant
difference in the duration of ventilation or ICU or hospital
lengths of stay in the competing risk analysis (eFigures 16 and
17 in Supplement 3). Median ICU and hospital lengths of stay
and ICU-, hospital-, and 28- and 90-day mortality were not sig-
nificantly different between the groups (Table 2 and Figure 4;
eFigure 18 in Supplement 3).
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Figure 4. Kaplan-Meier Estimates for Patients in the Lower PEEP and Higher PEEP Groups

E Time to freedom from invasive ventilation
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Days since randomization Days since randomization
Lower PEEP strategy
No. of patients
At risk 293 97 67 49 35 24 14 0 451 105 40 22 11 8 7 2 2 2
Censored 0 0 0 0 0 0 0 7 23 143 159 163 163 163 163 163 163 163
No.ofevents 0 196 226 244 258 269 279 286 2228 277 291 302 305 306 311 311 311
Higher PEEP strategy
No. of patients
At risk 286 91 53 34 26 16 8 0 473 102 35 18 7 4 3 3 3 1
Censored 0 0 0 0 0 0 0 5 16 151 178 182 185 185 185 185 185 185
No.of events 0 195 233 252 260 270 278 281 3 239 279 292 300 303 304 304 304 306
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0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Days since randomization Days since randomization
Lower PEEP strategy
No. of patients
At risk 447 317 295 285 282 280 278 277 276 0 458 253 152 94 68 46 34 29 23 0
Censored 0 0 0 0 0 0 0 0 0 275 14 137 165 175 178 183 184 184 184 199
No.ofevents 24 154 176 186 189 191 193 194 195 196 0 82 155 203 226 243 254 259 265 273
Higher PEEP strategy
No. of patients
At risk 472 328 291 284 279 279 278 278 277 0 478 266 157 97 65 46 31 26 19 0
Censored 0 0 0 0 0 0 0 0 0 274 10 147 179 196 204 205 207 207 207 222
No.ofevents 20 164 201 208 213 213 214 214 215 218 0 75 152 195 219 237 250 255 262 266

ICU, intensive care unit; IQR, interquartile range; PEEP, positive end-expiratory
pressure. For each panel, an unadjusted hazard ratio and 95% Cl calculated
from a Cox proportional hazard model is presented. A, The median
observation period for time to freedom from invasive ventilation was 2.0 (IQR,
1.7-2.6) days for the lower PEEP group and 2.0 (IQR, 1.6-2.4) days for the higher
PEEP group; P = .14 for Schoenfeld residuals. B, The median observation period
for time to discharge alive from the ICU was 7.0 (IQR, 6.0-9.0) days for the

lower PEEP group and 7.0 (IQR, 6.0-8.0) days for the higher PEEP group;

P = .85 for Schoenfeld residuals. C, The median observation time for 90-day
mortality was not computed because the minimum observed value was 0.44
days; P = .89 for Schoenfeld residuals. D, The median observation period for
time to discharge alive from the hospital was 22.0 (IQR, 20.0-27.0) days for the
lower PEEP group and 22.0 (IQR, 20.0-25.0) for the higher PEEP group; P = .91
for Schoenfeld residuals.

There was no statistically significant difference in the oc-
currence of ARDS, VAP, pneumothorax, or severe atelectasis or
in days with use of vasopressors or sedatives between groups
(Table 2; eTable 7 in Supplement 3). Occurrence of severe

jama.com

hypoxemia was 20.6% Vs 17.6% (risk ratio, 1.17; 95% CI, 0.90-
1.51; P = .99) and need for rescue strategy was 19.7% vs 14.6%
(risk ratio, 1.35; 95% CI, 1.02-1.79; adjusted P = .54) among pa-
tients in the lower and higher PEEP groups, respectively (Table 2).
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There was no significant interaction in the effect of PEEP
on the primary outcome according to prespecified subgroups
(Figure 3).

|
Discussion

In this trial of adult patients in the ICU without ARDS who re-
ceived invasive ventilation and were expected not to be extu-
bated within 24 hours, a ventilation strategy using lower PEEP
was noninferior to a strategy using higher PEEP with respect to
the number of ventilator-free days at day 28. In addition, there
was no statistically significant difference in ICU and hospital
lengths of stay, mortality rate, or occurrence of pulmonary com-
plications between the groups. There was also no statistically
significant difference in use of vasopressors or sedatives.

To our knowledge, this is the largest randomized clinical
trial addressing whether a ventilation strategy using lower PEEP
is noninferior to a ventilation strategy using higher PEEP in pa-
tients without ARDS using a relevant patient-centered out-
come. The composite end point was chosen because it re-
flects duration of ventilation among surviving patients as well
as 28-day mortality.?"2® A noninferiority design was chosen
because higher levels of PEEP have been increasingly used in
ICUs in recent years®®-2* despite lack of evidence for benefit
or harm.” It may not be better to use a lower PEEP strategy, but
it could be as good as higher PEEP. Thus, in this study we did
not test the superiority of lower PEEP but, rather, whether lower
PEEP is noninferior to higher PEEP.

This study has several strengths. It was designed to mini-
mize bias by using concealed allocation and by analyzing pa-
tients according to their randomized group following a clear
protocol that was strictly adhered to. Furthermore, loss to
follow-up was minimal and both academic and nonacademic
centers participated, contributing to its generalizability. To
minimize a possible carryover effect, randomization was per-
formed within 1 hour after start of ventilation in the ICU. Pa-
tients were enrolled over a period of 2 years, during which stan-
dardized care did not change.

This study adds information to previous studies. With the
use of higher PEEP, oxygenation improved and driving pres-
sure decreased in the first days, as found in meta-analyses of
patients with and without ARDS.?*?> In patients with mod-
erate to severe ARDS, 1 meta-analysis suggested mortality ben-
efit with higher PEEP, but a recent randomized clinical trial
showed harm.?®

In a meta-analysis of patients with mild ARDS, higher PEEP
did not improve survival and even prolonged the duration of
weaning.? In a meta-analysis of patients without ARDS, higher
PEEPresulted in decreased incidence of ARDS and hypoxemia.®
However, the overall quality of evidence in that meta-
analysis was low. In the present study, which enrolled pa-
tients who did not have ARDS but who potentially had lung
injury, a strategy using lower PEEP was noninferior to a strat-
egy using higher PEEP with regard to 1 important patient-
centered outcome.

In contrast to results from a Spanish randomized clinical
trial,” the present study did not find a reduction in VAP dur-

JAMA Published online December 9, 2020

Effect of a Lower vs Higher PEEP Strategy on Ventilator-Free Days in ICU Patients Without ARDS

ing ventilation with higher PEEP compared with lower PEEP.
The incidence of VAP reported in this study was 1.3%, much
lower than previously reported. Factors that could explain this
finding include that nurses in the participating centers per-
formed standard airway care and that all centers used infec-
tion prevention strategies against VAP, including selective di-
gestive decontamination.?”

The finding of a lower F10, and higher oxygenation in pa-
tients with higher PEEP could be explained by better aeration.?®
However, incidence of severe atelectasis was similar between
the groups. It is possible that in some patients, a benefit of
higher PEEP with respect to less atelectasis was nullified by
coinciding overdistension. This was also suggested in studies
comparing lower PEEP with higher PEEP during intraopera-
tive ventilation.'?!® There were no statistically significant dif-
ferences in development of ARDS, and after adjustment for
multiple comparisons, there was no statistically significant dif-
ference in the need for rescue strategies between the groups.
However, the point estimate for the percentage requiring res-
cue strategies was greater in the lower PEEP group, and the
study may have been underpowered to detect a statistically
significant difference.

Limitations

This study has several limitations. First, blinding was not
possible because of the nature of the intervention. However,
there were no differences in local guidelines for respiratory
care, rescue therapies, or sedation practices, and local health
care workers did not show specific interest in the trial or its
primary outcome. Second, some patients were missed
because of screening failures, possibly because of the very
short time between start of invasive ventilation and random-
ization. Third, although the protocol foresaw randomization
within 1 hour after start of ventilation in the ICU, this was not
always possible. However, the majority of patients were ran-
domized within 1 hour, which is a relatively short period
compared with the duration of ventilation after randomiza-
tion. Fourth, a heterogeneous group of patients without
ARDS was included, but subgroup analyses did not reveal any
interaction. Fifth, although the other disease severity scores
were comparable between the 2 groups, APACHE IV scores
were higher in the higher PEEP group. However, an analysis
adjusted for APACHE IV scores showed results similar to the
primary analysis. Sixth, this study compared a ventilation
strategy using lower PEEP with one using a PEEP of 8 cm
H,0. Although a PEEP of 8 cm H,0 may not be standard care,
it is increasingly used in ICU patients without ARDS, as
shown in several observational studies®®2* and recent clini-
cal trials.20-22

. |
Conclusions

Among patients in the ICU without ARDS who were expected
not to be extubated within 24 hours, a lower PEEP strategy was
noninferior to a higher PEEP strategy with regard to the num-
ber of ventilator-free days at day 28. These findings support
the use of lower PEEP in patients without ARDS.
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