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BACKGROUND: Prone positioning is used for patients with ARDS undergoing invasive mechanical

ventilation; its effectiveness in nonventilated awake patients is unclear. We aimed to evaluate the

effectiveness of the prone maneuver in decreasing the risk of intubation and increasing the odds of

favorable events. METHODS: We prospectively evaluated 66 subjects with COVID-19-related mod-

erate ARDS who were admitted to the ICU; treated with high-flow nasal cannula, noninvasive venti-

lation, a reservoir mask, or a nasal cannula; and subjected to awake prone maneuvers from March

1, 2020–August 30, 2020. The following factors were recorded at ICU admission: age, sex, prior ill-

ness, simplified acute physiology score 3, body mass index, and changes in gas exchange after and

before prone positioning. Subjects were divided into a group of responders and nonresponders

according to a 20% increase in the PaO2
/FIO2

ratio before and after the maneuver. The need for

intubation within 48 h of the start of the maneuver was also evaluated. We also analyzed the differ-

ences in mortality, ICU length of stay, hospital length of stay, and duration of mechanical ventila-

tion. A generalized estimating equation model was applied to preprone and postprone means. To

control for confounding factors, multivariate Poisson regression was applied. RESULTS: Forty-one

subjects age 54.1 y 6 12.9 were enrolled. Responders showed increased SpO2
(P < .001), PaO2

(P <
.001), and PaO2

/FIO2
ratios (P < .001) with the maneuver and reduced breathing frequency.

Responders had shorter lengths of stay in the ICU (P < .001) and hospital (P < .003), lower intuba-

tion rates at 48 h (P < .012), fewer days of ventilation (P < .02), and lower mortality (P < .001).

Subjects who responded to the maneuver had a 54% reduction in the risk of ventilation and pro-

longed stay in the ICU. CONCLUSIONS: Among the responders to prone positioning, there were

fewer deaths, shorter duration of mechanical ventilation, shorter ICU length of stay, and shorter

hospital length of stay. Key words: COVID-19; hypoxemic respiratory failure; intubation; prone posi-
tioning; awake prone; ARDS. [Respir Care 2022;67(1):48–55. © 2022 Daedalus Enterprises]

Introduction

Prone positioning improves oxygenation and mortality

among patients with moderate ARDS who receive mechani-

cal ventilation.1 The mortality benefit cannot be explained

solely by improved oxygenation and has been linked to

decreased overdistention and cyclic alveolar recruitment/de-

recruitment within tidal breaths, with a decreased risk of ven-

tilator-induced lung injury.2 Multiple studies support the

safety, feasibility, and efficacy of prone positioning in

awake, nonintubated subjects with COVID-19-related pneu-

monia.3-12 Spontaneous breathing by patients with acute

hypoxemic respiratory failure can generate high respiratory

drives and forceful inspiratory efforts, leading to lung injury
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similar to ventilator-induced lung injury. Prone positioning

combined with noninvasive ventilation (NIV)/CPAP may

help patients mitigate this detrimental effect, in part by

reducing regional hyperinflation.13 The impact of improved

oxygenation on clinical outcomes such as survival remains

unclear.

Many questions remain unanswered when considering

the use of awake prone positioning. For example, what are

the effects of awake prone positioning on patient outcomes?

Which patients are most likely to benefit, and which ones

should be excluded? The objective of the study was to com-

pare the characteristics and variables between the respond-

ing and nonresponding groups and check whether a delay

exists in intubation in 48 h. We also examined whether

failure (intubation in 48 h) was associated with unfavorable

outcomes.

Methods

Study Design and Participants

In this single-center prospective study, we enrolled a

convenience sample of 83 subjects admitted to the ICU

from March 1, 2020–August 30, 2020, who had moderate

ARDS. Subjects were eligible for inclusion if they were

18–80-y old and had been admitted to the hospital with a

confirmed diagnosis of COVID-19-related pneumonia

requiring supplemental oxygen. Patients were excluded if

they were pregnant, uncooperative, had an altered mental

status, or had a COPD requiring home NIV or oxygen ther-

apy. The institutional review board approved the study and

waived the need for informed consent from the participants

because we analyzed the identified data collected from

electronic medical records. This research was approved by

the Ethics Committee on Human Research of the Hospital

de Clinicas de Porto Alegre research board (CAAE

61274316.1.5327) and was reported according to the

STROBE guidelines.14

Procedures

For all the subjects, a diagnosis of COVID-19 was made

by reverse transcription-polymerase chain reaction using a

nasal swab. After enrollment, baseline data were collected

from each subject and included sex, age, body mass index

(BMI), comorbidities, baseline arterial blood gas measure-

ment (an arterial line was placed), type of oxygen support

(reservoir mask, high-flow nasal cannula [HFNC], NIV, or

nasal cannula), and ventilation parameters, including FIO2
,

ROX index, and subjective comfort. Some subjects alter-

nated periods of NIV and HFNC during the day. Each sub-

ject was helped into the prone position. More than one

prone session was performed for most subjects. The subject

was then encouraged to maintain the prone position for at

least 120 min before being helped back into the supine posi-

tion. The subject was considered intolerant to the maneuver

if the maneuver was interrupted within 10–60 min due to

worsening of dyspnea, worsening of saturation, low back

pain, or general discomfort in the prone position. Prone

positioning sessions were allowed in the days after the first

session according to the clinician’s judgment. We collected

data only from the first prone session for each subject.

Comfort was assessed by asking the subject how they

would evaluate the presence of anxiety in terms of “yes” or

“no.” The subjects were followed up until hospital dis-

charge to assess intubation or death.

Outcomes

The objectives of the study were to identify predictors of

the response to prone positioning. Subjects were classified

according to their response to prone positioning as respond-

ers and nonresponders, with a 20% increase in the PaO2
/FIO2

ratio from the supine to the prone position being considered

a response.

We recorded whether intubation was delayed or there was

no intubation in the responder group. We also examined

whether failure was associated with unfavorable outcomes,

including hospital and ICU length of stay, and duration of

mechanical ventilation. The successful group was defined as

no intubation within 48 h after prone positioning. The sec-

ondary outcomes were tolerance to the maneuver, PaCO2
, and

improvement in the PaO2
/FIO2

ratio and SpO2
/FIO2

ratio.

Statistical Analysis

We presented continuous data as summary indicators to

account for different distribution shapes. We calculated the

QUICK LOOK

Current knowledge

Prone positioning is an established evidence-based

practice for patients with ARDS undergoing invasive

mechanical ventilation, although the evidence of its ef-

ficacy in nonventilated awake patients is limited.

Awake prone positioning in nonintubated patients with

COVID-19 could avoid endotracheal intubation, reduce

the use of critical care resources, and improve survival.

What this paper contributes to our knowledge

We found that prone positioning in awake, spontane-

ously breathing subjects with COVID-19 was tolerable

and safe. Subjects who responded to the maneuver had

lower mortality and shorter ICU and hospital lengths of

stay.
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mean (SD) and median (interquartile range) for continuous

variables based on their distributions. The normality of the

data was assessed using the Shapiro-Wilk test. Categorical

variables are presented as absolute and relative frequencies.

We compared the distributions of continuous variables

between subgroups defined by the response using unpaired

Student t test. In case of asymmetry, the Mann-Whitney

test was used. To compare proportions, Pearson chi-square

or Fisher exact tests was used. To compare the preprone

and postprone means, Student t test for paired samples was

applied. In cases of asymmetry, the Wilcoxon test was

used. To control for confounding factors, a multivariate

Table 1. Characterization of the Sample Population

Variables
Responders

(n ¼ 19, 46.3%)

Nonresponders

(n ¼ 22, 53.7%)
P

Age, y 54.9 6 12.7 52.4 6 15.3 .58

Sex > .99

Male 13 (68.4) 15 (68.2)

Female 6 (31.6) 7 (31.8)

Comorbidities

Diabetes 2 (10.5) 7 (31.8) .14

Hypertension 10 (52.6) 9 (40.9) .66

Obesity 10 (52.6) 12 (54.5) > .99

Neoplasm 0 2 (9.1) .49

Heart disease 1 (5.3) 2 (9.1) > .99

Pulmonary disease 0 1 (4.5) > .99

Asthma 1 (5.3) 2 (9.1) > .99

SAPS 3 48.5 6 9.5 52.7 6 10.1 .18

BMI, kg/m2 31.6 6 5.5 30.2 6 7.6 .49

Time from symptoms to prone, d 9.2 6 2.9 8.4 6 3.8 .46

Median prone sessions per d, no. 1 (1–3) 1 (1–4) .71

Median time proned, d 1.5 (1–2) 1 (1–3) .99

Median duration of prone positioning, h 120 (105–120) 120 (60–120) .27

Median ROX preprone 3.8 (3.3–5.4) 3.4 (2.8–4.4) .17

Right ventricular dysfunction 1 (5.3) 1 (4.5) > .99

Nitric oxide 0 2 (9.1) .49

ECMO 0 1 (4.5) > .99

Ventilatory support during the maneuver .41

Mask with reservoir 11 (57.9) 12 (54.5)

HFNC 8 (42.1) 7 (31.8)

NIV 0 2 (9.1)

Nasal cannula 0 1 (4.5)

NIV acute phase 8 (42.1) 12 (54.5) .63

NIV failure .05

Yes 1 (5.3) 8 (36.4)

No 7 (36.8) 5 (22.7)

Did not use 11 (57.9) 9 (40.9)

HFNC 9 (47.4) 9 (40.9) .92

Alternating use, NIV+HFNC .40

Yes 0 2 (9.1)

Not 14 (73.7) 15 (68.2)

Not applicable 5 (26.3) 5 (22.7)

Tolerated the maneuver 17 (89.5) 12 (54.5) .03

Reported anxiety during the maneuver 2 (10.5) 2 (10.0) > .99

Needed medication to tolerate the maneuver 4 (21.1) 2 (9.5) .39

Data are presented as n (%), mean 6 SD, or median (25–75%).

SAPS 3 ¼ simplified acute physiology score 3

BMI¼body mass index

ROX index ¼oxygen saturation/FIO2
/breathing frequency

ECMO ¼ Extracorporeal membrane oxygenation

HFNC ¼ high-flow cannula nasal

NIV ¼ noninvasive ventilation
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Poisson regression model was applied. For the comparison

of preprone and postprone means according to the response

to the maneuver, the generalized estimating equation model

was applied. The linear model was used for variables with

symmetric distribution, and the gamma model was used for

those with asymmetric distribution. To control for con-

founding factors, the multivariate hierarchical Poisson

regression model was applied. The construction of the

blocks was based on the literature. The level of significance

adopted was 5% (P < .05), and the analyses were per-

formed using the SPSS version 21.0 program (IBM,

Armonk, New York).

Results

Between March 1, 2020–August 30, 2020, 66 patients

with COVID-19–related pneumonia were admitted to the

hospital’s ICU. Nine patients were excluded from the study

because they had undergone the maneuver in the emer-

gency department or general care; 5 were excluded because

they could not tolerate 10 min of the maneuver (4 patients

were intubated; 2 died on admission to the ICU), and 3 did

not consent to undergo the maneuver. Therefore, 49 sub-

jects underwent the prone maneuver while awake. Due to

loss of data from 8 subjects, we analyzed the maneuver of

41 subjects. Although 29 (70.7%) of the subjects tolerated

the awake prone maneuver, 4 subjects reported anxiety, and

medication was administered to 4 subjects (Table 1).

Moreover, 12 subjects did not complete the maneuver (60–

120 min); and the reported causes were lower back pain (1

subject), a sustained fall in oxygen saturation (2 subjects),

coughing crisis (2 subjects), abdominal pain (1 subject),

worsening dyspnea (2 subjects), and malaise (4 subjects)

(Fig. 1).

The subjects were divided into 2 groups according to

whether the prone maneuver was successful. The response

to the prone position was considered an increase in the

PaO2
/FIO2

ratio > 20% from the supine to the prone posi-

tion. The need for intubation within 48 h of the maneuver

was evaluated. Table 1 shows the characteristics of the

study population. The mean ages of the subjects in the re-

sponder group and nonresponder group were 54.9 y6 12.7

and 52.4 y 6 15.3, respectively; and the mean BMIs were

31.6 kg/m2 6 5.5 and 30.2 kg/m2 6 7.6, respectively. The

number of male subjects was 13 (68.4%) in the responder

group and 15 (68.2%) in the nonresponder group. Common

comorbidities included hypertension in 10 (52.6%) res-

ponders and 9 (40.9%) nonresponders and diabetes in 2

(10.5%) subjects in the responder group and 7 (31.8%) sub-

jects in the nonresponder group. The simplified acute phys-

iology score (SAPS) 3 was 48.5 6 9.5 in the responder

group and 52.76 10.1 in the nonresponder group. The sub-

jects were admitted to the hospital for a mean of 9.2 d 6
2.9 after symptom onset and 8.4 d 6 3.8 after symptom

onset, respectively. The median number of daily prone

positioning sessions was 1 (1–3), with a duration of 120

Subjects enrolled
49

Patients with COVID-19
pneumonia admitted to the ICU

March 1–August 30, 2020
66

Already received prone 
positioning: 9
Did not consent: 3
Did not tolerate 10 min of prone 
positioning: 5

Successful prone 
positioning

32Lower back pain: 1
Sustained decrease in SpO2: 6
Coughing: 2
Abdominal pain: 2
Worsening dyspnea: 2
Malaise: 4

Excluded
17

Prone positioning not feasible
17

Fig. 1. Flow chart.
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min (80–120) for the first session; and the number of prone

positioning sessions in groups was 1.5 (1–2) for responders

and 1.0 (1–3) for nonresponders, with a duration of 120 min

(80–120). The ROX index before the maneuver in respond-

ers and nonresponders was 3.8 (3.3–5.4) and 3.4 (2.8–4.4),

respectively. During the maneuver, 33 (80.4%) subjects

were treated with reservoir masks, 15 (10.5%) with an

HFNC, 2 (4.5%) with NIV, and 1 (4.5%) with a nasal can-

nula. Alternating use of NIV and an HFNC was applied to 2

(9.1%) subjects in the nonresponder group (Table 1). Table 2

shows the arterial blood gas values and ventilation parame-

ters between the responder and nonresponder groups. The re-

sponder group showed a reduction in breathing frequency

with the maneuver (P< .001); SpO2
increased in both groups

after the maneuver (P < .001), and PaO2
and PaO2

/FIO2
ratio

increased in postmaneuver responders (P< .001).

The intubation rate was higher in the nonresponder

group, although the difference was not significant (P ¼

Table 2. Before and After Prone Respiratory Parameters

Variables
Responders

(n ¼ 19, 46.3%)

Nonresponders

(n ¼ 22, 53.7%)
P

Frequency, breaths/min

Preprone 28.5 6 5.3 30.3 6 7.7 .36

Postprone 23.3 6 5.5 27.5 6 5.4 .02

D (95% CI) �5.1 (�8.2 to �2.0) �2.8 (�5.5 to �0.1) .27

P .001 .045

Arterial pH

Preprone 7.446 0.03 7.42 6 0.04 .02

Postprone 7.436 0.03 7.41 6 0.05 .11

D (difference) �0.01 (�0.03 to 0) �0.01 (�0.03 to 0.01) .88

P .02 .25

PaCO2

Preprone 37.2 6 3.9 35.3 6 3.9 .11

Postprone 37.9 6 3.7 38.6 6 9.7 .76

D (difference) 0.7 (�0.9 to 2.4) 3.3 (�0.4 to 6.9) .21

P .39 .08

SpO2
, %

Preprone 93.7 6 3.1 90.9 6 4.8 .02

Postprone 97.5 6 2.1 95.5 6 2.8 .01

D (difference) 3.8 (2.6–5.1) 4.6 (2.7–6.5) .53

P < .001 < .001

FIO2

Preprone 0.836 0.16 0.83 6 0.20 .97

Postprone 0.796 0.17 0.85 6 0.17 .22

D (difference) �0.04 (�0.11 to 0.03) 0.02 (�0.03 to 0.08) .16

P .29 .37

PaO2

Preprone 72.46 26.3 96.7 6 59.0 .07

Postprone 109.3 6 29.1 83.4 6 43.5 .02

D (difference) 37.1 (23.2–50.8) �13.4 (�25.1 to �1.6) < .001

P < .001 .03

SpO2
/FIO2

Preprone 119.1 6 33.4 119.2 6 41.1 .99

Postprone 131.5 6 42.5 119.0 6 34.8 .30

D (difference) 12.4 (�7.0 to 31.8) �0.2 (�11.2 to 10.8) .27

P .21 .97

PaO2
/FIO2

Preprone 90.76 39.2 118.3 6 57.7 .06

Postprone 148.1 6 61.1 100.7 6 47.6 .001

D (difference) 57.5 (37.5–77.4) �17.6 (�28.5 to �6.7) < .001

P < .001 .002

Data are presented as n (%) unless otherwise noted.
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.11). Responders had lower mortality (P < .001), a higher

rate of discharge from the ICU (P < .001) and hospital dis-

charge at 28 d (P < .02), fewer days of mechanical ventila-

tion (P ¼ .02), and shorter ICU and hospitals lengths of

stay (P ¼ .04) (Table 3). Independent factors related to

response to prone maneuver, such as sociodemographic

factors, comorbidity, SAPS 3, and type of ventilation,

showed no statistically significant association (Table 4).

The evaluation of the effect of the response to the maneuver

in relation to the outcomes intubation, mortality, and length

of stay in the ICU and hospital demonstrated that subjects

who responded to the maneuver had a 54% reduction in the

risk of ventilation and prolonged length of stay in the ICU

(Table 5).

Table 3. Outcomes According to Responder and Nonresponder Group

Variables
Responders

(n ¼ 19, 46.3%)

Nonresponders

(n ¼ 22, 53.7%)
P

Intubation in 24–48 h 4 (21.1) 11 (50.0) .11

No intubation 14 (73.7) 9 (40.9)

Outcomes < .001

Survived 18 (94.7)* 10 (45.5)

Died 0 10 (45.5)*

Remained hospitalized 1 (5.3) 2 (9.1)

ICU discharge .001

Yes 18 (94.7)* 9 (40.9)

No 0 9 (40.9)*

Remained hospitalized 1 (5.3) 4 (18.2)

Discharged within 28 d .02

Yes 14 (73.7)* 9 (40.9)

No 1 (5.3) 8 (36.4)*

Hospital transfer 3 (15.8) 1 (4.5)

Remained hospitalized 1 (5.3) 4 (18.2)

Median duration of ventilation, d 0 (0–3.0) 14 (0–24.5) .02

Median ICU length of stay, d 6 (4.0–0) 17 (7.0–27.5) .04

Median hospital length of stay, d 11.0 (7.0–15.0) 19.5 (11.5–30.0) .04

Data are presented as n (%), mean 6 SD, or median (25–75%). * Statistically significant association according to the residual test adjusted to 5% significance.

Table 4. Poisson Regression Models to Assess Factors Independently Associated With Response

Variables Relative Risk (95% CI) P

Block 1 - Sociodemographic

Age 1.01 (0.98–1.03) .56

Male 1.00 (0.49–2.04) .99

Block 2 - Comorbidities

Diabetes 0.37 (0.11–1.28) .11

Hypertension 1.49 (0.80–2.80) .21

BMI 1.02 (0.97–1.07) .47

Block 3 - SAPS 3 0.97 (0.93–1.02) .28

Block 4 - Types of ventilation

Failure NIV

Yes 1.00

No 4.99 (0.69–35.90) .11

Not used 4.93 (0.74–33.00) .10

HFNC 1.36 (0.55–3.38) .51

Reservoir mask during the maneuver 1.23 (0.48–3.15) .66

D ¼ difference between pre-post moments

BMI ¼ body mass index

SAPS 3 ¼ simplified acute physiology score 3

NIV ¼ noninvasive ventilation

HFNC ¼ high-flow nasal cannula
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Discussion

In this observational prospective study, we found that

prone positioning was safe and feasible in most subjects

with acute respiratory failure due to SARS-CoV-2 infec-

tion. Our results add to those of other studies.6,8,14,15 The

main causes for interruption of the maneuver were lower

back pain, a sustained fall in oxygen saturation (main

cause), coughing crisis, abdominal pain, worsening dysp-

nea, and discomfort during positioning, as confirmed in

other studies.6,8,14,15 In our study, some subjects reported

anxiety being treated with medication, a situation that

proved to be safe. In our study, there were no adverse

events during the maneuver confirmed in the Rosén et al16

study, where no increase in adverse events with pressure

ulcers or cardiorespiratory arrest was identified.

We investigated the factors more common for awake

prone maneuver failure, and the outcome of prone position-

ing, previous comorbidities, age, sex, BMI, and other char-

acteristics studied was not predictive factors of the response

to prone maneuver in our study, as demonstrated by

Cheriana et al.17 We found that prone positioning in the res-

ponders was associated with an increase in PaO2
, the

SpO2
/FIO2

ratio, and a reduction in breathing frequency, as

demonstrated by other studies in the literature.11,14,18,19 The

significant increase in SpO2
values during prone positioning

could be an indicator to help physicians identify early

patients at lower risk for short-term intubation. The use of

prone positioning should be limited to less severe patients,

and this failure to respond to the prone position can be asso-

ciated with a short maneuver time. The beneficial impact of

prone positioning in patients with ARDS was demonstrated

only in the PROSEVA study1 with durations of prone posi-

tioning of 16 h, whereas previous studies with shorter dura-

tions of prone positioning showed no beneficial impact. We

need further studies to clarify this.

After 12 h of HFNC treatment, the ROX index demon-

strated the best prediction accuracy (area under the receiver

operating characteristic curve 0.74). A ROX index $ to

4.88 measured after 12 h of HFNC was significantly associ-

ated with a lower risk for mechanical ventilation.20 Chandel

et al21 demonstrated that the ROX index was sensitive for

the identification of subjects who were successfully man-

aged with HFNC without the subsequent need for endotra-

cheal intubation. Interestingly, in our study, the ROX index

was not a predictive factor for the success of the maneuver.

That the early application of awake prone positioning, to-

gether with an HFNC or NIV, may help avoid endotracheal

intubation was demonstrated in our study and by Ding et

al.15 The latter study revealed that early awake prone posi-

tioning together with NIV/HFNC made endotracheal intu-

bation redundant in > 50% of subjects (11/20), similar to

our study results. Sun et al22 provided evidence for the early

recognition and treatment of subjects with COVID-19 with

ARDS and pneumonia using an HFNC, together with awake

prone positioning and restrictive fluid resuscitation, and

showed a decrease in the invasive mechanical ventilation

rate. Finally, we showed that subjects who responded to

prone positioning did not require intubation in the first 48 h

after the prone maneuver; although the results were not stat-

istically significant, this may be due to the small sample size.

The responders had fewer deaths, more days free of mechan-

ical ventilation, more days outside of the ICU, and fewer

days in the hospital as demonstrated in a meta-analysis.23,24

In Coppo et al12 and Rósen et al,16 the response to prone

positioning showed no significant difference in the rate of

intubation compared with nonresponders.

To our knowledge, this study is the largest prospective

trial to analyze prone positioning in awake subjects, specifi-

cally in those with COVID-19-related pneumonia. This

procedure in awake subjects with COVID-19 has been

reported in a limited number of case reports and cohort

studies.7-10 The data collected are of high quality and com-

plete. The external validity of our study is strengthened by

the subjects being enrolled in various clinical settings every

day, although the need for therapeutics to prevent intuba-

tion and consequently conditions to place awake patients in

prone positioning can differ widely from one hospital to

another and from one country to another.

Our study has several limitations. The lack of a control

group (and randomization) does not allow inference regard-

ing patient-centered outcomes, and the enrollment of non-

consecutive subjects might have led to selection bias.

Another limitation of our study is that it is a single-center

study; thus, it might not be generalizable, and the sample

size was small. Another limitation, intubation, is a clinical

decision, and the clinical practice of the authors may be dif-

ferent from that of other clinicians.

Conclusions

We found that prone positioning in awake, spontane-

ously breathing subjects was well tolerated. We observed

Table 5. Evaluation of the Effect of the Response to the Maneuver

on the Outcomes of Intubation, Mortality, ICU Length of Stay, and

Hospital Length of Stay

Variables Relative Risk (95% CI) P

Categorical outcomes

Intubation in 24–48 h 0.42 (0.16–1.11) .07

Mechanical ventilation 0.46 (0.23–0.95) .03

Quantitative outcomes*

ICU length of stay $ 9 d 0.46 (0.23–0.94) .03

Hospital length of stay $ 14 d 0.50 (0.24–1.04) .06

*Considered the median as the cutoff point.
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that the group that responded to the maneuver had lower

mortality and shorter lengths of stay in the ICU and the

hospital.
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