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Effect of Prone Positioning
on the Respiratory Support of
Nonintubated Patients With
COVID-19 and Acute
Hypoxemic Respiratory
Failure
A Retrospective Matching Cohort Study
chestjournal.org
To the Editor:

COVID-19-associated respiratory illness may lead to
ARDS.1 In intubated patients with severe ARDS, early,
prolonged, and repeated sessions of prone positioning
(PP) decrease mortality rates.2,3 Awake PP is feasible,
improves oxygenation in some patients, and may
prevent respiratory worsening,4-6 The main objective of
the present study was to evaluate the effect of PP on the
outcome of spontaneously breathing patients with
COVID-19 with acute respiratory failure.
Methods
We designed an exposed/nonexposed bicentric retrospective matched
cohort study to assess the effectiveness of PP for patients
hospitalized outside ICU with COVID-19 whose condition required
oxygen.

All consecutive patients hospitalized from March 20 to April 20, 2020,
in Aix-en-Provence Hospital and Marseille University Hospital,
France, were screened for eligibility. Inclusion criteria were age >18
years, hypoxemic respiratory failure that required oxygen
supplementation by either conventional oxygen therapy or high-flow
nasal cannula (HFNC), and polymerase chain reaction-confirmed
severe acute respiratory syndrome coronavirus 2. The study received
approval by the appropriate institutional review board (MR
3514070520).

Two treatment strategies were compared: (1) awake PP for at least 3
hours each day during 3 consecutive days (PP group) and (2) no
instruction regarding positioning or no tolerance of PP during
hospitalization (no-PP group). Each PP session had a minimum
duration of 1 hour and a maximum duration of 12 hours, for a
minimum total PP duration of 3 hours per day. Position of the
patient and duration of PP sessions were monitored by the medical
and paramedical team every 3 hours. The oxygen supplementation
strategy was to initiate first oxygen therapy, second HFNC, third
pressure support with noninvasive ventilation, and finally invasive
mechanical ventilation.

It was a retrospective analysis of patient medical records from
admission to day 14.

The primary outcome of the study was the “upgrading of oxygen
delivery method” evaluated on day 14 and defined by reaching at
least 6 L/min with a doubling of the initial oxygen flow for usual
oxygen supplementation or the initiation of HFNC, noninvasive
ventilation, or invasive mechanical ventilation. The secondary
outcome was death at day 14.

Difference testing between groups was performed with the use of the
two-tailed t test, Mann-Whitney U test, or chi-square tests, as
appropriate. To determine the relative risk of upgrading the oxygen
delivery method due to PP, we performed a propensity score analysis
to adjust for imbalances in baseline characteristics between patients
with and without PP. Using the overall population (n ¼ 168), we
developed a logistic regression model to derive a propensity score for
PP (used as a binary value). The variables relevant to the model
were selected from the univariate analyses (P < .20) or from their
clinical relevance: (1) center; (2) age; (3) sex; (4) smoking history;
(5) chronic respiratory disease; (6) heart failure; (7) systemic
hypertension; (8) BMI; (9) time since symptom onset; (10) severity
of condition at admission with the SpO2/FIO2 ratio at baseline; (11)
percentage of lung affected on thoracic computerized tomography
(<25%, 25-50%; $50%)7; (12) systemic corticosteroid treatment; and
(13) therapeutic or prophylactic anticoagulation. This logistic
regression model was used to estimate a propensity score for each
patient that corresponded to the probability of PP, given the
patient’s characteristics. The matching was performed with the use
of greedy matching (1:1 nearest neighbor). Using the matched cohort
(48 vs 48 patients in the PP and the no-PP groups), we compared
the rate of upgrading the oxygen delivery method, intubation, and
day-14 death. We performed a Cox model to calculate the adjusted
hazard ratio for the upgrading of oxygen delivery method. All
statistics were two-tailed; a probability value of <.05 was considered
to be significant. All statistical analyses were performed with IBM
SPSS Statistics software (version 20; IBM Inc, Chicago, IL).
Results
A total of 414 confirmed patients with COVID-19
were admitted during the study period. Two hundred
forty-six patients did not meet inclusion criteria (192
patients did not require oxygen supplementation; 31
patients refused the use of their data, and 23 patients
had incomplete files). Among the 168 patients who
were eligible for analysis, 48 patients received PP for
at least 3 hours each day for 3 days, and 120 patients
did not. After a propensity score matching was
performed, the conditions of 96 patients were
analyzed (48 patients in each group). All patients
who received PP were matched successfully with a
patient without PP (Table 1). Patients underwent PP
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for 6.9 �5.2 days. Among the 48 patients who
received PP, 32 patients (67%) underwent PP for 3 to
8 hours each day, and 16 patients (32%) underwent
PP for >8 hours each day. For the primary outcome,
15 patients (31.2 %) in the PP group had an
upgrading of oxygen delivery method at day 14,
compared with 25 patients (52.1%) in the no-PP
group (P ¼ .038) with a hazard ratio of 2.03
(95% CI, 1.07-3.86; P ¼ .003). Kaplan-Meier curve
that compared the cumulative probability of
upgrading the oxygen delivery method is available in
Figure 1. For the secondary outcome, 4 patients (8.3
%) in the PP group and 6 patients (12.5%) of the
non-PP group died at day 14 (P ¼ .74) (Table 1). No
patients in the PP-group died or required invasive
mechanical ventilation within the first 3 days. No
major adverse event was observed.
TABLE 1 ] Patient Characteristics and Outcomes

Patient Characteristics

Sex, male, No. (%)

Age, y, mean � SD

BMI, mean � SD

Hypertension, No. (%)

Diabetes mellitus, No. (%)

Smoking history, No. (%)

Respiratory history, No. (%)

Immunodepression, No. (%)

Delay from the onset of symptoms to hospitalization, d,
mean�SD

Systemic corticosteroid treatment, No. (%)

Therapeutic anticoagulation, No. (%)

SpO2/FIO2 at admission, mean�SD

CT scan finding, % of ground glass of lung parenchyma, No. (%)

<25%

25-50%

>50%

Lymphocytes, g/L, mean�SD

C-reactive protein , mg/L, mean�SD

Blood eosinophilia , g/L, mean�SD

Upgrading of oxygen delivery method,a No. (%)

Invasive mechanical ventilation, No. (%)

Day 14 death, No. (%)

aDefined as reaching at least 6 L/min with a doubling of the initial oxygen flow fo
noninvasive ventilation, or invasive mechanical ventilation.
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Discussion
This retrospective, bicentric study done on 96 awake,
nonintubated, spontaneously breathing patients with
COVID-19 with acute hypoxemic respiratory failure
that required oxygen supplementation showed that PP
for at least 3 hours each day during 3 consecutive days
prevented the upgrading of oxygen delivery method on
day 14 after hospital admission compared with no
instruction regarding PP or no tolerance of PP during
hospitalization.

These results are consistent with findings from previous
small studies of PP in patients who were not intubated
with improvement in oxygenation and a trend to
improve clinical outcomes.4,5,8-10

The study has several limitations. First, although we
used robust statistical techniques for adjustment,
Group

Standardized Difference,
(95% CI)

No Prone
Position
(n ¼ 48)

Prone
Position
(n ¼ 48)

31 (64.6) 37 (77.1) 27.8 (-12.4 to 68.0)

61 � 18 62 � 11 0.07 (-0.32 to 0.48)

28 � 5 27 � 5 0.09 (-0.31 to 0.49)

18 (37.5) 15 (31.2) 13.2 (-26.9 to 53.2)

12 (25) 7 (14.6) 26.4 (-13.8 to 66.6)

9 (18.8) 8 (16.7) 5.5 (-34.6 to 45.5)

8 (16.7) 7 (14.6) 5.7 (-34.3 to 45.8)

3 (6.2) 4 (8.3) 8.0 (-32.0 to 48.0)

9.7�6.9 9.6�6.4 0.6 (-0.39 to 0.41)

28 (58.3) 28 (58.3) 0.0 (-40.0 to 40.0)

16 (33.3) 15 (31.2) 4.5 (-35.6 to 44.5)

299�45 279�84 0.30 (-0.10 to 0.70)

13 (27.1) 14 (29.2) 4.6 (-35.4 to 44.6)

20 (41.7) 20 (41.7) 0.0 (-40.0 to 40.0)

15 (31.2) 14 (29.2) 4.5 (-35.5 to 44.6)

1.03�0.59 0.90�0.53 0.23 (-0.17 to 0.64)

116�94 112�84 0.04 (-0.36 to 0.44)

0.03�0.06 0.02�0.05 0.12 (-0.28 to 0.52)

P value

25 (52.1) 15 (31.2) .038

8 (16.7) 7 (14.6) .779

6 (12.5) 4 (8.3) .740

r usual oxygen supplementation or the initiation of high-flow nasal canula,

[ 1 6 0 # 1 CHE S T J U L Y 2 0 2 1 ]



0

0 1 2 3 4 5 6
Hospitalization days

7 8 9 10 11 12 13 14

No prone position Prone position
95% CI 95% CI

48 42 37 32 29 25 23 23 23 23 23 22 22 22 22No prone position
Number at risk

Log Rank Chi2 = 5.20 ; P = .023

48Prone position 46 43 42 39 37 37 36 35 35 34 34 34 34 33

.2

.4

.6

C
um

ul
at

ed
 p

ro
b

ab
ili

ty
 o

f 
up

g
ra

d
in

g
 o

f 
o

xy
g

en
 d

el
iv

er
y 

m
et

ho
d

.8

1

Figure 1 – Cumulated probability of upgrading of oxygen delivery method: hospitalization and risk.
treatment was not assigned randomly, and patients
were instructed for PP according to the physician in
charge. Second, the reasons for the lack of a significant
effect on death or intubation remain uncertain;
however, the sampling size was suboptimal to answer
these questions, and the study was not powered or
planned to assess the effect on mortality rates. Third,
it was a retrospective collection of data from patients
who were hospitalized in a medical ward who were
not monitored. That is the reason that we did not
evaluate oxygenation response or tolerance during PP
sessions.

PP for at least 3 hours each day during 3 consecutive
days may be associated with a clinical benefit by
preventing the upgrading of oxygen delivery method.
These results must be confirmed with further
randomized prospective studies.
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