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PRONE POSITIONING WAS ADVO-
cated 30 years ago1 to improve
oxygenation in patients with
hypoxemic acute respiratory

failure (ARF) receiving mechanical ven-
tilation. Dramatic oxygenation improve-
ment using prone positioning was re-
ported in severely hypoxemic patients.2

The mechanism of how the prone posi-
tion improves oxygenation in this set-
ting is still unclear. Postulated hypoth-
eses in humans include alveolar
recruitment,3 redistribution of ventila-
tion4 toward dorsal areas that remain well
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Context A recent trial showed that placing patients with acute lung injury in the prone
position did not increase survival; however, whether those results hold true for pa-
tients with hypoxemic acute respiratory failure (ARF) is unclear.

Objective To determine whether prone positioning improves mortality in ARF pa-
tients.

Design, Setting, and Patients Prospective, unblinded, multicenter controlled trial
of 791 ARF patients in 21 general intensive care units in France using concealed ran-
domization conducted from December 14, 1998, through December 31, 2002. To be
included, patients had to be at least 18 years, hemodynamically stable, receiving me-
chanical ventilation, and intubated and had to have a partial pressure of arterial oxy-
gen (PaO2) to fraction of inspired oxygen (FIO2) ratio of 300 or less and no contrain-
dications to lying prone.

Interventions Patients were randomly assigned to prone position placement
(n = 413), applied as early as possible for at least 8 hours per day on standard beds, or
to supine position placement (n=378).

Main Outcome Measures The primary end point was 28-day mortality; second-
ary end points were 90-day mortality, duration of mechanical ventilation, incidence
of ventilator-associated pneumonia (VAP), and oxygenation.

Results The 2 groups were comparable at randomization. The 28-day mortality rate
was 32.4% for the prone group and 31.5% for the supine group (relative risk [RR],
0.97; 95% confidence interval [CI], 0.79-1.19; P=.77). Ninety-day mortality for the
prone group was 43.3% vs 42.2% for the supine group (RR, 0.98; 95% CI, 0.84-
1.13; P=.74). The mean (SD) duration of mechanical ventilation was 13.7 (7.8) days
for the prone group vs 14.1 (8.6) days for the supine group (P=.93) and the VAP in-
cidence was 1.66 vs 2.14 episodes per 100-patients days of intubation, respectively
(P=.045). The PaO2/FIO2 ratio was significantly higher in the prone group during the
28-day follow-up. However, pressure sores, selective intubation, and endotracheal tube
obstruction incidences were higher in the prone group.

Conclusions This trial demonstrated no beneficial outcomes and some safety con-
cerns associated with prone positioning. For patients with hypoxemic ARF, prone po-
sition placement may lower the incidence of VAP.
JAMA. 2004;292:2379-2387 www.jama.com
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perfused,5 homogenization of tidal vol-
ume (VT) distribution as a result of a bet-
ter fitting of the lungs with the chest
wall,6 and redirection of compressive
force exerted by heart weight on lungs
toward the sternum.7 In addition prone
positioning has a drainage effect of res-
piratory secretions, which has not been
systematically investigated. Whereas
most experience with the prone posi-
tion has been for patients with acute lung
injury (ALI) or acute respiratory dis-
tress syndrome (ARDS), oxygenation
may also improve using the prone posi-
tion for other serious respiratory ill-
ness, such as chronic obstructive pul-
monary disease8,9 or acute cardiogenic
pulmonary edema.10

In patients with chronic obstruc-
tive pulmonary disease, the improve-
ment of oxygenation from prone posi-
tion placement was associated with a
reduction in static lung elastance,9 sug-
gesting that tidal ventilation was oper-
ating above closing volume. In pa-
tients with cardiogenic pulmonary
edema, oxygenation improvement may
result from less lung compression by the
heart, which is frequently enlarged in
this condition. Therefore, translation of
these physiological effects into clini-
cal benefits, ie, reduction in mortality,
was expected. Speculated mecha-
nisms for this can be reduction in the
length of mechanical ventilation and,
hence, of its associated adverse ef-
fects, such as nosocomial infections and
reduction of ventilator-induced lung in-
jury11 and multiple organ failure.12

However, in a randomized con-
trolled trial, Gattinoni et al13 found that
patients with ALI experienced no clini-
cal benefit from prone position place-
ment. This may be due to insufficient sta-
tistical power resulting from an
interruption of enrollment before reach-
ing the required number of patients
(prone position group, 152; control
group, 152) or because the average of 7
hours per day that patients were in the
prone position may have been an insuf-
ficient amount of time to determine ef-
ficacy. Another randomized controlled
trial of prone position in ARDS patients
(only reported in abstract form to date)

also showed no significant improve-
ment in patient outcome.14

Wedesigned thisprotocol in1997be-
fore the results of the trial by Gattinoni
et al13 were reported.At that time, the in-
tensive care unit (ICU) mortality of hy-
poxemic ARF in intubated patients, as
definedasapartialpressureofarterialoxy-
gen(PaO2) to fractionof inspiredoxygen
(FIO2) ratio of 300 or less, from various
etiologies, was 41% in France.15 We se-
lected8-hourpronepositionsessionsbe-
cause no clearly optimal time frame had
yet been determined. Also, prone posi-
tion sessions as short as 4 hours resulted
insignificantoxygenationimprovement.8

We chose to investigate the effect of
prone position placement to outcome in
unselected patients with hypoxemic ARF
to delineate the role of prone position-
ing in the management of hypoxemic pa-
tients. Prone positioning has been rou-
tinely used in several centers, such as
ours, for many years, not only in ARDS
patients16 but also in comatose patients
mechanically ventilated without signifi-
cant hypoxemia.17 Accordingly, the ob-
jective of this study was to determine
whether systematic use of prone posi-
tion inpatients receivingmechanical ven-
tilation with hypoxemic ARF from vari-
ous etiologies would decrease mortality.

METHODS
Patients

Patients were considered eligible if they
met all the following criteria: mechani-
calventilationthrougheitheroralornasal
tracheal intubation or tracheostomy; a
PaO2/FIO2 of 300 or less; at least 18 years;
expected duration of mechanical venti-
lation of longer than 48 hours; and writ-
ten informedconsentobtained fromnext
of kin. Patients were excluded for any of
following reasons: (1) prone position for
at least 6 hours per day in the 4 days pre-
ceding enrollment; (2) contraindica-
tions to prone position, such as intra-
cranial pressure of more than 30 mm Hg
orcerebralperfusionpressureof less than
60 mm Hg, massive hemoptysis, bron-
cho-pleural fistula, tracheal surgery or
sternotomyinthe last15days,meanarte-
rialbloodpressureof less than65mmHg
with or without vasopressors, deep-

venous thrombosis (to minimize risk for
pulmonary embolism from being in a
prone position), pacemaker inserted for
fewer than 2 days, and unstable frac-
ture; (3) therapeutic limitation indi-
cated in the first 24 hours of ICU admis-
sion; (4) high risk of death in the next
48 hours; (5) chronic respiratory fail-
urerequiringmechanicalventilation;and
(6) inclusion in another protocol with
mortality as a primary end point.

Design

The patients were consecutively re-
cruited from 21 ICUs in France. The par-
ticipating centers had used this maneu-
ver formore thanayear.Before inclusion,
each center had been formally visited by
2 of us (S.G. and C.G.) during rounds
and interview the nursing and physi-
cian staff about prone positioning prac-
tice and assess interest in the trial. The
randomization was computer-gener-
ated and separately generated for each
ICU. Patients were randomly assigned to
the prone position or the supine posi-
tion group using sequentially num-
bered, opaque, and sealed envelopes.

Theprotocolwasapprovedbyaneth-
icscommittee(ComitéConsultatifdePro-
tectiondesPersonnesdans laRecherche
Biomedicale Lyon B, Lyon, France) on
March 18, 1998. Written informed con-
sentwasreadandsignedbypatients’ sur-
rogateineveryinstance.Oncepatientsim-
proved to the point at which they could
readawritteninformedconsent,theywere
approachedtoconfirmtrialparticipation.

A register of admissions to ICUs was
maintained,recordingthereasonfornon-
inclusion of eligible patients. An inves-
tigator in each center was responsible for
including the patients following the pro-
tocol and completing the case record
forms (CRFs). The trial was monitored
by 2 research fellows (S.G., S.L.) who
made periodic site visits. Data collec-
tors and outcomes assessors were not
blinded.Thetrialwasoverseenbyasteer-
ing committee that convened monthly
meetings.

Protocol

After verification of eligibility, pa-
tients were allowed a 12- to 24-hour pe-
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riod during which their clinical condi-
tion could stabilize. During this period,
clinicians were free to choose the ven-
tilatory mode. Positive end-expiratory
pressure (PEEP) and FIO2 were se-
lected to obtain arterial oxygen satu-
ration (SaO2) of 90% or more. Seda-
tion and neuromuscular blockade were
administered according to clinician
preference. If patients still satisfied in-
clusion criteria, were hemodynami-
cally stable (mean arterial blood pres-
sure �65 mm Hg with or without
vasopressors), and no exclusion crite-
ria were present after this stabilization
period, they were enrolled. Time of ran-
domization (day 0) and of the first
prone position session were recorded
on the CRF. Physicians were asked to
follow the standard of care of their ICU
and not to change ventilatory settings
during the prone position session ex-
cept for FIO2.

Patients assigned to the prone posi-
tion group were placed in a complete
prone position for at least 8 hours per
day. We provided participating centers
with guidelines so that prone position
placement would be performed in as
standard of a protocol as possible. The
beds used for prone positioning were
standard hospital beds. While in the
prone position, the patients were lying
with their heads inclined up and with
both arms by their sides, they were given
protective pads to minimize pressure
sores, and their heads were alterna-
tively turned to right or left every 2 hours.

Patients assigned to the supine group
stayed in a semirecumbent position (30°
angle, mandated by protocol but not ac-
tually measured). Patients in the su-
pine group could cross over to the
prone position in case of severe hypox-
emia as defined as PaO2/FIO2 lower than
100 for more than 12 hours or lower
than 60 for more than 1 hour, both re-
ceiving pure oxygen.

In both groups, periodic left and right
lateral decubitus for nursing care was al-
lowed. The investigator assessed all pa-
tients every morning. Prone position was
stopped if the physician deemed it nec-
essary if after 2 consecutive prone posi-
tion sessions they experienced a de-

crease of PaO2/FIO2 by 20% after
switching from the supine position or if
a major complication attributable to
prone position occurred (unplanned ex-
tubation, selective intubation, endotra-
cheal tube obstruction, hemoptysis,
transcutaneous oxygen saturation [SpO2]
�85% for more than 5 minutes, cardiac
arrest, heart rate �30/min for more than
1 minute, arterial systolic blood pres-
sure �60 mm Hg for more than 5 min-
utes, pressure sores, lobar atelectasis, in-
tracranial hypertension, pneumothorax,
and ventillator-associated pneumonia
[VAP]). In both groups, improvement

was defined by 1 major (relative im-
provement of PaO2/FIO2 �30% relative
to randomization, with FIO2 �60%) and
at least 1 minor criterion (PEEP �8 cm
H2O, no sepsis,18 cause of ARF under
control [BOX, stable or improving chest
x-ray, and �3 organ dysfunctions, in-
cluding lung dysfunction19). Once this
improvement was established, seda-
tion and neuromuscular blockade were
stopped in both groups and prone po-
sition sessions were interrupted.

Weaning from mechanical ventila-
tion was performed according to modi-
fied standard criteria.21,22 Patients were

Box. Definitions of the Causes of Hypoxemic Acute
Respiratory Failure

Pneumonia. Sepsis18 in which at least 1 primary location is the lower respira-
tory tract

Shock. Defined by criteria established by Fagon et al19 as at least 1 of the fol-
lowing: arterial systolic pressure lower than 90 mm Hg with signs of periph-
eral hypoperfusion, urine output lower than 500 mL/24 h or lower than 180
mL/8 h ,or blood lactate levels higher than 3 mmol/L or confusion; and use of
inotropic or vasopressive agents to maintain arterial systolic pressure higher
than 90 mm Hg

Acute respiratory distress syndrome. Defined by the American-European Con-
sensus Conference20 as the presence in patients without chronic respiratory fail-
ure of acute onset, bilateral diffuse alveolar infiltrates on chest x-ray, partial
pressure of oxygen in arterial blood (PaO2) to fraction of inspired oxygen (FIO2)
ratio lower than 200 mm Hg, and no concern about elevated left atrial pressure

Acute lung injury. Defined by the American-European Consensus Confer-
ence20 as the following being present in patients without chronic respiratory
failure: acute onset, bilateral diffuse alveolar infiltrates on chest-x-ray, PaO2/
FIO2 lower than 300 mm Hg, no concern about elevated left atrial pressure

Aspiration. Alveolar infiltrates on chest-x-ray associated with suspicion or clini-
cal evidence for gastric content aspiration

Septic shock. Shock-induced sepsis according to the definition established by
Bone et al18

Acute on chronic respiratory failure. Acute respiratory failure in patients with
restrictive, obstructive, or mixed chronic respiratory failure previously docu-
mented with PaO2 lower than 55 mm Hg and/or PaCO2 higher than 45 mm Hg
breathing room air

Coma. Glasgow coma score less than 6 (score range, 3 to 15 with 3 being the worst)

Postoperative. Acute respiratory failure following surgery including diagnos-
tic or therapeutic endoscopic procedures and interventional radiological pro-
cedures

Nonpulmonary sepsis. Sepsis18 in which at least 1 primary location is outside
the lower respiratory tract, including bacteremia

Acute cardiogenic pulmonary edema. Unilateral or bilateral alveolar infil-
trates on chest x-ray with evidence for elevated left atrial pressure from echo-
cardiography or pulmonary artery catheter
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screened daily for the following crite-
ria: SpO2 92% or higher with FIO2 no
higher than 40%, PEEP no higher than
5 cm H2O, normal mental status, ad-
equate cough during tracheal aspira-
tion, no swallowing disorder, no sepsis,
no continuous intravenous sedation, no
vasoactive support except for dopa-
mine and/or dobutamine of 5 µg/kg per
minute or less. Once all of these criteria
were present, the patient was discon-
nected from the ventilator and a 2-hour
T-piece trial was initiated with or with-
out a PEEP of 5 cm H2O. The patient was
reconnected to the ventilator if any of the
following criteria occurred at any time
during the T-piece trial: respiratory rate
of 35/min or higher for more than 5 min-
utes, SpO2 of less than 90%, heart rate
higher than 140/min or changing by
more than 20%, systolic arterial blood
pressure higher than 180 mm Hg, or
anxiety. If none of the above criteria oc-
curred, the patient was extubated.

Outcome Measures

The primary end point was mortality
at 28 days. Secondary end points were
mortality at 90 days (to evaluate long-
term patient outcome); incidence of

VAP and duration of mechanical ven-
tilation (to assess factors that may ex-
plain the primary end point); and oxy-
genation (to evaluate whether the prone
position influences oxygenation in hy-
poxemic patients).

From day 0 to the end of the proto-
col, the following were recorded be-
tween 7 and 10 AM daily in both pa-
tient groups, just before each position
change: PaO2, PaCO2, pH, and ventila-
tory settings (up to day 7).

Ventilator-associated pneumonia was
defined as a pneumonia occurring more
than 48 hours after patients received in-
vasive mechanical ventilation. It was
suspected in the presence of a new ra-
diographic infiltrate and at least 1 of the
following criteria: temperature higher
than 100.4°F (�38°C) or lower than
96.8°F (�36°C), purulent tracheal as-
pirates, and total white blood cells count
lower than 4000 � 103/µL or greater
than 12 000 � 103/µL. It was con-
firmed by quantitative cultures from fi-
beroptic or not fiberoptic bronchoal-
veolar lavage (�104 colony-forming
units/mL) and/or from Wimberley
brush (�103 colony-forming units/
mL). Ventilator-associated pneumo-

nia was assessed by an investigator in
each center, and its determination ad-
judicated by research fellows.

Successful extubation was defined as
no reintubation, survival, or noninva-
sive ventilation for less than 8 hours per
day during the 48 hours following sched-
uled extubation. In tracheostomized pa-
tients, a successful weaning from venti-
lator was defined as the ability to breathe
spontaneously through a T-tube with-
out ventilatory assistance. Duration of
mechanical ventilation was defined as the
number of days between randomiza-
tion and successful extubation.

Data Collection

Data were collected at randomization to
characterize context of ICU admission,
underlying disease, severity of acute ill-
ness, ventilatory settings, arterial blood
gases, ARF causes, and cointerventions.
The duration and number of prone posi-
tion sessions were recorded during the
first week only to improve the effi-
ciencyofadequaterecordingandbecause
fewer patients received prone position as
thedayspassed.Datawereverifiedby the
research fellows and stored in a data-
basespecificallydeveloped(L.A.)onEpi-
Info software (Epi-Info for DOS version
6.3,Centers forDiseaseControl andPre-
vention, Atlanta, Ga).

Statistical Analysis

Study sample size was calculated to de-
tect a 10% reduction in 28-day mortal-
ity using the prone position with a
2-tailed � error set at 5% and power of
80%. The mortality in the supine group
was estimated to be 40% according to
a French epidemiological survey.15 It
was calculated that 376 patients needed
to be randomized to each group.

The analysis was performed on an in-
tention-to-treat basis. The continuous
variables were expressed as mean (SD)
and median (SD) if appropriate. The
data were compared between the 2
groups using Pearson �2 or Fisher ex-
act test, t test, or Mann-Whitney test as
indicated. Patient survival was ana-
lyzed using the Kaplan-Meier method
and compared with the log-rank test.
A 2-factor analysis of variance was used

Figure 1. Flow Diagram of the Trial

417 Assigned to Prone Position Group385 Assigned to Supine Position Group

16 952 Excluded
16 486 Did Not Meet Inclusion Criteria

189 Refused to Participate
277 Organizational Failure Reason

17 754 Patients Assessed for Eligibility

802 Randomized

1 Lost to Follow-up
3 Discontinued Intervention

1 Secondary Refusal to Participate
1 Inclusion Mistake
1 Repeated Inclusion

1 Lost to Follow-up
6 Discontinued Intervention

4 Secondary Refusal to Participate
2 Inclusion Mistake

413 Included in Analysis
4 Excluded From Analysis

1 Lost to Follow-up
1 Secondary Refusal to Participate
1 Inclusion Mistake
1 Repeated Inclusion

378 Included in Analysis
7 Excluded From Analysis

1 Lost to Follow-up
4 Secondary Refusal to Participate
2 Inclusion Mistake
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to test time and group effects on con-
tinuous variables.

The incidenceof complications ineach
group was expressed as ratio of number
of events divided by number of patient-
days and compared between the supine
and prone groups using the Z test.23 The
mortality rates among different centers
were compared using stratified Mantel-
Haenszel analysis. Statistical analysis was
performed using SPSS software (SPSS for
Windows version 11.0, SPSS Inc, Chi-
cago, Ill). The interim analysis was per-
formed once half the patients had been
included to detect a significant excess in
28-day mortality or in serious adverse
events in the prone position group. It did
not include any stopping rule for futil-
ity. This showed no statistically signifi-
cant difference in the 28-day mortality
and serious adverse event occurrence be-
tween the 2 groups; therefore, the study
continued to its planned end. Reported
P values were 2-sided; no adjustments
weremade formultiple comparisons. Sta-
tistical significance was P�.05.

RESULTS
Study Population

The trial was carried out from Decem-
ber 14, 1998, through December 31,
2002. The flow of participants24 was com-
puted from a representative sampling of
12884 consecutive admissions corre-
sponding to 72.6% of the final included
number of patients (FIGURE 1). Be-
cause the design of the trial allowed for
crossover, we included in the supine
group data analysis the 81 patients who
had crossed over from the supine group
to the prone position. Since this analy-
sis was performed on an intention-to-
treat basis, the 6 patients assigned to the
prone group but who did not undergo
the prone position regimen remained
in the final data analysis. These pa-
tients did not undergo the prone posi-
tion regimen because they died (n = 2)
or because of a secondary contraindi-
cation to being placed in a prone posi-
tion (n = 4). The final analysis in-
cluded 791 patients, 378 in the supine
group and 413 in prone group. The rate
of missing values was less than 1% for
all data.

Table 1. Baseline Characteristics at Inclusion

Characteristics
Supine Position

(n = 378)
Prone Position

(n = 413)

Age, mean (SD), y 62.5 (14.7) 62.0 (15.7)
BMI, mean (SD) 26.1 (6.2) 26.2 (6.1)
Men, No. (%) 289 (76.5) 304 (73.6)
Simplified Acute Physiology Score II,25 mean (SD) 46.1 (16.4) 45.1 (15.4)
Origin, No. (%)

Home 126 (33.3) 143 (34.6)
Other hospital 97 (25.7) 92 (22.3)
Other ward in same hospital 108 (28.6) 120 (29.1)
Operating room 27 (7.1) 32 (7.7)
Other ICU 20 (5.3) 26 (6.3)

Admission classification, No. (%)
Medical or poisoning 304 (80.4) 322 (78.0)
Nonelective surgery 33 (8.7) 41 (9.9)
Elective surgery 15 (4.0) 20 (4.8)
Trauma 26 (6.9) 30 (7.3)
Immunosuppression* 52 (13.8) 59 (14.3)

McCabe score,26 No. (%)
No underlying fatal illness 244 (64.6) 286 (69.4)
Non–rapidly fatal underlying illness 109 (28.8) 102 (24.8)
Rapidly fatal underlying illness 25 (6.6) 24 (5.8)

Causes of acute respiratory failure†
Pneumonia 228 (60.3) 255 (61.7)
Shock 121 (32.0) 130 (31.5)
Acute respiratory distress syndrome 106 (28.0) 140 (33.9)
Acute lung injury 77 (20.4) 90 (21.8)
Aspiration 86 (22.8) 95 (23.0)
Septic shock 102 (27.1) 106 (25.7)
Acute on chronic 84 (22.2) 104 (25.2)
Coma 76 (20.1) 84 (20.3)
Postoperative 48 (12.7) 62 (15.0)
Nonpulmonary sepsis 33 (8.7) 42 (10.2)
Acute cardiogenic pulmonary edema 25 (6.6) 31 (7.5)

Noninvasive ventilation before inclusion, No. (%) 96 (25.4) 106 (25.7)
No. of organ dysfunctions including lung,19 mean (SD) 2.3 (1.0) 2.2 (1.0)
Respiratory measures, mean (SD)

PaO2/FIO2 155 (59) 150 (59)
PaCO2, mm Hg 44 (11) 44 (12)
pH 7.38 (0.09) 7.39 (0.10)
Static compliance of respiratory system, mL/cm H2O 41 (15)

[n = 222]
40 (20)
[n = 251]

Inspired fraction of oxygen in air, % 65.7 (20.4) 65.7 (20.9)
Positive end-expiratory pressure, cm H2O 7.5 (3.2) 7.9 (3.4)
Tidal volume in volume controlled, mL/kg mBW 8.1 (1.9)

[n = 326]
8.1 (2.0)

[n = 369]
Respiratory rate, cycles/min in volume controlled 16 (4)

[n = 326]
16 (4)
[n = 369]

Inspiratory or total duration of respiratory cycle
(%) in volume controlled

37 (8)
[n = 322]

38 (8)
[n = 367]

Tidal volume in pressure controlled, mL/kg mBW 11 (3)
[n = 38]

10 (3)
[n = 28]

Level of pressure support, cm H2O 20 (5)
[n = 48]

21 (6)
[n = 41]

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by the square of height in meters; FIO2,
fraction of oxygen in air; ICU, intensive care unit; mBW, measured body weight; PaCO2, partial pressure of carbon
dioxide in arterial blood; PaO2, partial pressure of oxygen in arterial blood.

*Disseminated cancer, hematological malignancy, organ transplantation, steroids given for at least 30 days or at high
dosage for less than 30 days, ongoing chemotherapy or radiotherapy, AIDS, or neutropenia (�500 polymorpho-
nuclear cells/mm3).

†Patients could have more than 1 cause.
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Baseline
Baseline characteristics were not signifi-
cantly different between groups
(TABLE 1). Mechanical ventilation was
delivered through an oral route in 93.1%
of those in the supine group and in 90.8%
of those in the prone group (P=.39). The
numbers of patients treated with hemo-
dialysis, inotropic support, sedation,neu-
romuscular blockade, enteral or paren-
teral nutrition, inhaled nitric oxide, or
almitrine were similar in both groups
(TABLE 2). The mean (SD) time be-
tween ICU admission and randomiza-
tion was 54.8 (72.7) hours for the su-
pine group vs 58.6 (84.3) hours for the
prone group (P=.23) and length of ICU
stay 24.5 (21.9) and 26.6 (29.6) days
(P=.35), respectively. The mean (SD) de-
lay between intubation and initiating the
first prone position session was 50.8
(74.1) hours and between randomiza-
tion and the first prone position session
was 4.3 (4.6) hours.

Prone Position

Patients were in the prone position for
a median of 4.0 (interquartile range, 2.0-
6.0) days. During the first week after
randomization, the median amount of
time patients were in the prone posi-
tion was 8.0 (interquartile range, 7.7-
9.8) hours per day and 0.0 hours per
day for the 81 patients who had crossed
over to the prone group (P�.001).

Mortality

Crude 28-day mortality rates were 31.5%
in the supine group and 32.4% in the

prone group (relative risk [RR], 0.97;
95% confidence interval [CI], 0.79-
1.19; P=.77; TABLE 3). The estimate of
survival (FIGURE 2) was not different be-
tween the groups. At day 28, 83 (27.9%)
of 297 patients in the supine group died,
36 (44.4%) of the 81 patients who had
crossed over from the supine group
died, 76 (31.3%) of 243 patients in the
prone group died, and 58 (34.1%) of
170 patients who crossed over from the
prone group died (P=.85).

Secondary End Points

Crude90-daymortality rateswere42.2%
in the supine group and 43.3% in the
prone group (RR, 0.98; 95% CI, 0.84-
1.13; P=.74; Table 3). The 90-day mor-
tality was 39.2% in the supine group,
53.1% in patients who crossed over to
the prone group, 40.3% in prone group,
and 47.6% in patients who crossed over
to the supine group (P=.83). Mechani-
calventilationlengthandsuccessfulextu-
bation rate were not statistically signifi-
cantly different. Ventilator-associated
pneumonia incidence was significantly
lower in prone group (Table 3).

In the prone group, PaO2/FIO2 ratio
was significantly higher (Table 3), but
VT, PEEP, and FIO2 readings were sig-
nificantly lower than those in the su-
pine group (TABLE 4). The PaCO2 and
pH levels were not significantly differ-
ent over time between groups (Table 4).

Selective intubation, endotracheal
tube obstruction, and incidences of
pressure sores were significantly greater
in prone group than in the supine group
(TABLE 5). Incidence of other adverse
events was not significantly different.
The mean (SD) reduction in organ dys-
function was 0.36 (0.95) per day in the
supine group and by 0.34 (1.01) per day
in the prone group (P=.30).

The 28-day mortality (P=.73), 90-
day mortality (P=.79), VAP incidence
(P=.42), and successful extubation rate
(P=.84) did not differ among centers.

COMMENT
The main findings of this concealed, un-
blinded, multicenter, randomized trial
of hypoxemic ARF patients showed that
early prone positioning did not re-

duce mortality and was associated with
harmful effects although it improved
oxygenation and reduced the inci-
dence of VAP.

However, several limitations must be
acknowledged. First, most hypoxemic
patients assigned to the supine group
were allowed to be placed in the prone
position. When the protocol was
designed,eventhoughtheeffectofprone
positioning on patient outcome was not
proven, coinvestigators considered it
unethical not to allow severely hypox-
emicpatients tobeplacedinaproneposi-
tion.Second,mechanical ventilationwas
not performed using a predetermined
algorithm.Thiscanbeexplainedbecause
present protocol was set up in 1997 and
1998before resultsof theARDSnet trial27

were available. Hence, mechanical ven-
tilationpractice inour trialwasat thedis-
cretionofeachcenter.However,percen-
ter randomization should have balanced
this factor between groups. Third, we
planned that patients assigned to the
prone group would be in the prone posi-
tion forat least8hoursperdayuntil their
conditions had improved, which had
been defined by predetermined criteria.
In our study, prone positioning was
applied foramean(SD)of8.6(6.6)hours
per day for 4.1 (4.7) days. Nevertheless,
the prone position regimen was not
adequate because 25% of patients were
so placed for fewer than 8 hours. Fourth,
whereas eligibility of patients other than
those with ARDS or ALI could be seen
as a limitation, our basic question was
“Shouldwesystematically tryproneposi-
tioning in hypoxemic patients?” Hence,
the protocol was designed to directly
address our research question.

Our findings confirm the results of the
trial by Gattinoni et al13 in which 304
ARF patients, mostly with ARDS, re-
ceived no benefit from prone position
placement in terms of survival and du-
ration of mechanical ventilation. These
investigators had planned to use prone
positioning for at least 6 hours per day
for 10 days. In fact, patients were in the
prone position for a mean (SD) of 7.0
(1.8) hours per day, and 41 (27%) of 152
patients in the prone group were so
placed for fewer hours than were ex-

Table 2. Cointerventions at Inclusion

Cointervention

No. (%) of Patients

Supine
Position
(n = 378)

Prone
Position
(n = 413)

Continuous intravenous
sedation

351 (92.9) 393 (95.2)

Vasopressor/
inotropic agents

287 (75.9) 292 (70.7)

Enteral nutrition 138 (36.5) 148 (35.8)
Parenteral nutrition 91 (24.1) 98 (23.7)
Neuromuscular

blockade
79 (20.9) 85 (20.6)

Pulmonary artery
catheter

56 (14.8) 59 (14.3)

Inhaled nitric oxide 41 (10.8) 37 (9.0)
Renal replacement

therapy
16 (4.2) 21 (5.1)

Intravenous almitrine 7 (1.9) 8 (1.9)
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pected. Therefore, limited compliance
with the scheduled prone position ses-
sions are shared by these 2 studies. The
timing of the intervention may differ be-
tween the 2 trials because we applied
prone position early during the ICU
course.

We found that the incidence of pres-
sure sores was higher in the prone group.
Neither trial reported whether pressure
sore intensity was different between
groups. Furthermore, in our study, se-
lective intubation and endotracheal tube
obstruction occurred more frequently in
patients in the prone group. These ad-
verse events seemed less frequent in our
study than in the study by Gattinoni et
al.13 However, in both trials, mortality
was not affected. Prone positioning is still
approachedwith somereluctanceby ICU
staff due to the risks of changing posi-
tion28 and the apparent lack of overall
benefit. Therefore, the harmful effects of
prone positioning should be reduced by
developing guidelines to safely opti-
mize prone position implementation.29

In our trial, we found lower VAP in-
cidence in the prone group. In a small
randomized controlled trial of 51 coma-
tose patients, 1 of us (P.B.)17 reported that
VAP incidence was 20% in the prone
group and 38.4% in the supine group
(P=.14). Our study suggests that prone
position may be considered as a means
of preventing VAP30 along with pos-
tural changes and semirecumbent posi-
tion. It should be noted that there may
have been bias in VAP diagnosis since
central blinded adjudication was not
used. Postulated mechanisms for prone
position–induced VAP reduction are
drainage effect, reduction of bacterial
translocation in experimental ALI,31 and
reduction of VILI.11 In our study, VT and
FIO2 were slightly lower in the prone
group, suggesting that VILI may have
been reduced.

In our study, as in the trial conducted
by Gattinoni et al,13 oxygenation was
improved by the prone position place-
mentwithoutmortality reduction. Inour
study, this was obtained with lower VT,
PEEP, and FIO2 in the prone position
group than in the supine group. Oxy-
genation cannot accurately predict mor-

Table 3. Outcome Measures

Outcome Measures
Supine

(n = 378)
Prone

(n = 413)
Relative Risk (95%

Confidence Interval)
P

Value†

Mortality, No./Total (%) of patients
28 Day 119/378 (31.5) 134/413 (32.4) 0.97 (0.79-1.19) .77

90 Day 159/377 (42.2) 179/413 (43.3) 0.98 (0.84-1.13) .74

Mechanical ventilation assessed
at 90 days

Mechanical ventilation,
mean (SD), d*

14.1 (8.6) 13.7 (7.8)

Patients successfully
extubated, No./total (%)

248/378 (65.8) 266/413 (64.4)

Inclusion to successful
extubation, mean (SD), d

16.0 (13.6) 14.9 (11.2)

Intubation to successful
extubation, mean (SD), d

17.6 (13.7) 16.9 (11.4)

First episode of VAP
Episodes of VAP/patient days
of intubation (rate per
100-patient days of intubation)

91/4247 (2.14) 85/5120 (1.66) .045

Patients with VAP, No. (%) 91 (24.1) 85 (20.6)

Inclusion to VAP, median IQR, d 10 (6-16) 10.5 (6-17)

PaO2/FIO2, mean (SD) �.001

Day
1 182 (78)

[n = 365]
188 (78)

[n = 305]

2 193 (76)
[n = 338]

210 (82)
[n = 317]

3 199 (78)
[n = 325]

213 (85)
[n = 310]

4 206 (84)
[n = 311]

227 (87)
[n = 286]

5 205 (79)
[n = 278]

224 (88)
[n = 286]

6 204 (78)
[n = 265]

223 (91)
[n = 274]

7 206 (78)
[n = 238]

228 (91)
[n = 254]

Abbreviations: FIO2, fraction of oxygen in air; IQR, interquartile range; VAP, ventilator-associated pneumonia.
*Either invasive or noninvasive for 8 hours or more per day between inclusion and successful extubation.
†P value compares supine and and prone position groups and compares days.

Figure 2. Cumulative Probability of Patient Survival After Randomization
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tality intrials studyingtheeffectsofprone
positioning on either patients who are
severely hypoxemic13 or unselected mild
hypoxemic patients.

In conclusion, the results of this mul-
ticenter trial of prone positioning in pa-

tients with hypoxemic ARF demon-
strated improved oxygenation and a
lower incidence of VAP but signifi-
cant harmful effects and no mortality
benefit. Further prone positioning re-
search should address the treatment ses-

sions and timing of the intervention;
prone positioning in combination with
optimal VT and PEEP; and different tar-
get populations, evaluating outcomes
such as major morbidities, patient
safety, and mortality.

Table 4. Time Course of Arterial Carbon Dioxide, Arterial pH, and Ventilatory Settings During the First Week of Mechanical Ventilation

Mean (SD)

Day 1 Day 2 Day 3 Day 4

Supine Prone Supine Prone Supine Prone Supine Prone

PaCO2, mm Hg* 43 (10)
[n = 365]

43 (11)
[n = 305]

43 (10)
[n = 338]

42 (9)
[n = 317]

43 (10)
[n = 325]

43 (11)
[n = 310]

43 (10)
[n = 311]

42 (10)
[n = 286]

pH 7.38 (0.4)
[n = 365]

7.35 (2.5)
[n = 305]

7.40 (0.5)
[n = 338]

7.47 (2.3)
[n = 317]

7.43 (1.2)
[n = 325]

7.16 (1.9)
[n = 310]

7.40 (0.2)
[n = 311]

7.48 (1.5)
[n = 286]

PEEP, cm H2O† 7.8 (3.4)
[n = 365]

7.5 (3.5)
[n = 312]

7.9 (3.4)
[n = 340]

7.5 (3.4)
[n = 320]

7.8 (3.3)
[n = 325]

7.4 (3.2)
[n = 313]

7.6 (3.4)
[n = 312]

7.4 (3.1)
[n = 291]

VT, mL/kg‡ 8.3 (2.3)
[n = 336]

8.2 (2.4)
[n = 299]

8.3 (2.3)
[n = 299]

8.2 (2.3)
[n = 302]

8.4 (2.3)
[n = 272]

8.2 (2.3)
[n = 282]

8.2 (2.3)
[n = 241]

8.2 (2.3)
[n = 245]

FIO2, %§ 59 (18)
[n = 365]

57 (19)
[n = 312]

55 (17)
[n = 340]

52 (17)
[n = 320]

53 (18)
[n = 325]

51 (18)
[n = 313]

51 (18)
[n = 312]

48 (17)
[n = 291]

Day 5 Day 6 Day 7

Supine Prone Supine Prone Supine Prone

PaCO2, mm Hg* 43 (10)
[n = 278]

42 (11)
[n = 286]

42 (10)
[n = 265]

42 (11)
[n = 274]

42 (10)
[n = 238]

42 (10)
[n = 254]

pH 7.41 (0.1)
[n = 278]

7.26 (1.1)
[n = 286]

7.40 (0.5)
[n = 265]

7.40 (1.8)
[n = 274]

7.43 (0.6)
[n = 238]

7.33 (1.2)
[n = 254]

PEEP, cm H2O† 7.6 (3.3)
[n = 278]

7.2 (3.0)
[n = 287]

7.4 (3.0)
[n = 266]

7.3 (3.0)
[n = 275]

7.3 (3.0)
[n = 238]

7.2 (3.0)
[n = 257]

VT, mL/kg‡ 8.5 (2.5)
[n = 216]

8.1 (22)
[n = 224]

8.6 (2.3)
[n = 198]

8.3 (2.4)
[n = 201]

8.7 (2.9)
[n = 167]

8.4 (2.5)
[n = 183]

FIO2, %§ 50 (17)
[n = 278]

47 (17)
[n = 287]

50 (18)
[n = 266]

47 (17)
[n = 275]

49 (18)
[n = 239]

47 (16)
[n = 257]

Abbreviations: FIO2, fraction of oxygen in air; PaCO2, partial pressure of carbon dioxide in arterial blood; PEEP, positive end-expiratory pressure; VT, tidal volume.
*P=.005 when comparing days.
†P�.001 when comparing supine and prone groups at any time and P = .006 when comparing days for any group.
‡P=.005 when comparing supine and prone groups.
§P=.01 between supine and prone position groups and P�.001 between days after inclusion.

Table 5. Incidence of Complications During the 28 Days After Randomization

Supine Position Prone Position

Patient-Days
No. of

Occurrences
Incidence per

100 Days (95% CI) Patient-Days
No. of

Occurrences
Incidence per

100 Days (95% CI)

Unplanned extubation 5188 47 0.91 (0.65-1.16) 5756 44 0.76 (0.54-0.99)

Selective intubation* 5188 0 0 5755 6 0.10 (0.02-0.19)

ETT obstruction† 5188 12 0.23 (0.10-0.36) 5755 34 0.59 (0.39-0.79)

Hemoptysis 5188 34 0.66 (0.44-0.88) 5755 45 0.78 (0.55-1.01)

SpO2 �85% 5188 207 3.99 (3.45-4.53) 5755 236 4.10 (3.58-4.62)

Cardiac arrest 5188 88 1.70 (1.34-2.05) 5754 87 1.51 (1.19-1.83)

Heart rate �30/min 5188 72 1.39 (1.07-1.71) 5755 81 1.41 (1.10-1.71)

SAP �60 mm Hg 5188 148 2.85 (2.39-3.31) 5754 135 2.35 (1.95-2.74)

Pressure sores‡ 5188 157 3.03 (2.55-3.50) 5756 208 3.61 (3.12-4.10)

Atelectasis 5188 28 0.54 (0.34-0.74) 5756 28 0.49 (0.31-0.67)

Intracranial hypertension 5188 3 0.06 (0.00-0.12) 5756 9 0.16 (0.05-0.26)

Pneumothorax 5188 28 0.54 (0.34-0.74) 5756 22 0.38 (0.22-0.54)
Abbreviations: CI, confidence interval; ETT, endotracheal tube; SAP, systolic arterial pressure; 95% SpO2, transcutaneous oxygen saturation of arterial blood.
*P=.01.
†P=.002.
‡P=.005 between supine and prone position groups.
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